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CALCULATION OF THE FLOW FIELDS AROUND A SERIES

OF BI-CONIC BODIES OF REVOLUTION USING THl METHOD OF

CHARACTERISTICS AS APPLIED TO SUPERSONIC ROTATIONAL FLOW

SUMMARY

-,-The flow fields around a series of bi-conic bodies of revolution placed

in a supersonic air stream were analyzed using the Method of Characteristics I
V1i

as applied to rotational flow. Calculations were carried out for three dif-

ferent cone combinations (250 - 400, 200°. 400, 250 - 356) associated with

Svarious free stream Mach numbers. The results were used in designing a

diffuser inlet.

A study was made of the overall effects produced by rounding-off e%rors,

Svarying the size of the mesh, and disregarding the entropy term. Some inter-

eating tables and graphs are included.-,

F • It is thought that these results will be of interest to engineers engaged

It• in aerodynamic research and development.

IL ISIN~r1UT•LIO

Recently the Applied Mathematics section of the Ordnance Aerophysics

Laboratory calculated the flow fields about a series of twelve hi-conic bodies

of revoiution (hereafter referred to as odouble-cones') placed in a supersonic

air stream. The necessity for such computations arose in connection with the

Ks axisymmetric supersonic inlet design effort at the Applied Physics Laboratory,

The Johns Hopkins University. This memoragdum presents the results of the

OFU
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above calculations, along with a few comments and observatioc.c

The problem was first programmed for the 19M Card Progiam Clculatoi Rd

late? put on the powerful 650, on which machine i.he twelve flow fields were

determined. All calculations were carried out on an eight place floating

decimal board and the tabulated results are thought to be free of calculational

errors. Use was made of various polynominal approximations in one and two

variables.

All information concerning conical flow was obtained from reference (1),

where the specific heat ratio was taken as 1.405. In all other calculations

S= 1.4 was used. This discrepancy affects M. but slightly. Such unusual

values of the free stream Mach numbers as 2.3604, etc., were chosen in order

to be able to use the tables of reference (1).

The purpose of this publication is twofold: (1) to outline atmethod for

calculating the flow fields around double-cones using ordinary IBM equipment

and (2) to present &nd discuss some of the results bltained.

NOMENCLATUWE

a local velocity of sound

d length of a side of a mesh

g acceleration due to gravity: 32.174 fi/sec2

M Mach nuwber back of the curved shock (region III)

Mo Mach number in the conical flow field (region ID)

Smot Mach number in the free strer.m (region I)

"defined by equation (7)

"P end-poict of shock front

j
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R universal gas constant: 53.345 fti°F.

r distance from mid-point of a runner to cone axis

1 • v. entropy

u radial velocity component in region II.

v tangential velocity component in region II.

M x, y rectangular coordinates

Ft a Mach angle = arc sin (1/1M)

,2 generating angle of first, second cone

S7 specific heat ratio

SS associated wedge angle; deflection angle

&• inclination of flow back of curved shock (region J11) |

shock wave angle associated with curved shock I
X ray angle in the conical flow field tr-gion 11)

_4,b iiclination of flow in the conical field (region II) &

YTI
t-K SUBSCRIPTed"S I

- designatc.,, right-runnir. • characteristic line•.5

L designates left-running characteristic line

s refers to su-face •'oution

3 refers to the point to bt calculated

n refers to normal component, as Mn
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__ S SUPERSCRIPTS

on a number refers to an interpclated point

THE PROBLEM

Figure 1 shows a cross-section of the upper half of a 250 - 400 double

cone placed in a supersonic air stream at zero angle of attack. The flow in

t "region I (free stream region) is supersonic and irrotational. Immediately

back of the conical shock (which is a straight line) the flow is still super-

sonic and irrotational (isentropic). When this nupersonic stream strikes the

second cone a curved shock front OP is produced, back of which the flow is

rotational (non-isentropic). This second shock is curved due to the fact that

the Mach number is not constant in region 11. This causes an entropy gradient

between streamlines in region III, which means that the flow is rotational

there. The dotted line lying in the plane of the paper is a typical streamline.

The problem is to analyze the flow field in region III using the Method

of Characteristics. In particular, we wish to find the Mach number and flow

direction at a series of grid points covering that region.

The twelve flow fields analyzed are listed below:

Group A (250 - 400) B (200 400) C (250 350)

2.3604 2.4431 2.0665
Number

Nubr2.7296 2.8387 2.3604

Mf 3.2188 3.3694 2.7296

s___3.9260 4.1538 3.2188

-:
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For the sake of brevity these combinations will be referred to as

A(2.7296), B(4.1538), etc., meaning the second Mach number in group A, the

fourth in group B, etc.

I

MATHEMATICAL ANALYSIS AND FORMULAS

A. REGION II. I

In reference 1 the conical flow parameters, X , a2 , u, and v are tabulated "I

at equal intervals of the ray angle for various combinations of the cone angle

and free stream Mach number. Using these values the Mach number and flow

-inclination at any point in the conical regime may be obtained from

(1) M2 = (u 2  " v 2 )/a 2

(2) 4 = X + arc tan (v/u) l

In usirg these tables care should be taken to avoid the numerous errors

therein.

Accurate fifth degree Gram-Tshebysheff polynominal approximations were

[ obtained for M0 and q5 in terms of X . These are listed under the various

combinations. The method used in developing these polynominal approximations

is illustrated in Table VI, where M0 is found in terms of a fifth-degree poly-

nominal in X . The eleven values of Mo listed under W(x) were taken from I
reference 1.

It should be recalled that in conical flow all parameters are constant

alcng a ray emanating from the cone apex. The streamlines are curved and

approach the cone surface asymptotically on an infinite cone. In all cases

the radius of the base of the first cone was taken as 10.

4 - - --- -- --- - _ _ _ _ _ _ _ _ _ _
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I~ B REGION 111. '

I The flow parameters in this region are described by a set of complicated

transcendental equations which cannot be solved in closed form, but which canIbe approximated stepwise by the Method of Characteristics. Since the method

itself is well known only a brief outline of the steps involved will be given.

It is- assumed that the reader is familiar with the general terminol-ogy employed.

The computational work divides itself into three distinict types: (1) Network,J ~ (2) Surface, and (3) Sho~ck Solutions.

1. Network Solution

I The sketch below illustrates the parameters involved in A general network

solution. The points R and L represent two diagonal points of the network at

which all parameters are known. The point 3 is determined by the intersection
A

of the right-running characteristic line through R WR) and the left-running

characteristic through L WL). Vi~e slopes of-these two lines are given,

respectively, by

F(3) ma~ tan (OR - Rx)

I M ml tan (OL aL)

Ic

______ -- Cos.a Axis -____-____
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From reference (2), p. 279, it may be shown that the equnti':n of the

right and left runners are given by

-M;
1(5) OR 03 [ cot at - (sin 0 sin a dir)R

(Sl -SL) (sin a cos a d)OR
• _ _ _- and

fig dL sin•aL + d sina - j

(6) 3 L i cot aL (sin 0 tin a d/r)L - IS6) 3"eL ML MI

(S -SO (sin a cos a d)L

yRg dL sin aL + dfi srI aj:

respectively, where

17 *2 2 M2

(7) = and 0 is in radians.

1 + :- M2
. 2

INI
(8 _+ct y +ct 1  (siasnndr) co (nain/r 1  -

(SiR- SL) (sin~acos a d)L - (sin'c-cos a d) t. .

xY Rg Ld sin a + dn sin cz11 M

SRI

____-- - ,, ] +-
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SThe above value of M* is substitutedI in (6) and (7), thereby yielding the

, I ach umbe andflow inclination at the point 3.

I The parameters at interpolated points (starred points) are obtained by

straight-line interpolation and need no further explanation.

Figure 3 further illustratep the situation at a net point.

II. Surface Sojutions.

If point 3 is on the cone surface then 03 is known, being equal to the

SI generating angle of the second cone. Hence from (5) it follows that

(9) M; = MR + MR tan al O-R 03. + (sin a sin 0 d/r)R

(SR SO)
+ y g (sina cosa )J

where SL has the value of entropy in the surface streamline. See p. 280 of

reference (2).

III. Shock Solutions

The flow parameters immediately back of the curved shock may be found by

solving simultaneously the oblique shock equations of wedge flow and the left-

runn' ,/ characteristic equation. This means that the flow inclination, shock

wave angle, and the Mach number behind the shock must agree with the flow angle

and Mach number given by equation (6). The sketch below illustra'es wedge

"flow.
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From reference (2) the oblique shock equations are

y y+1 M_ __ 12
(10) cot 8 1 l tan 0.and -

L 2 M2 sin2 e. -1

(lF M2 sin 2 0w (y-l)/2y 1  M2 sin 2 (0 - )(I /
L 0 JL( w 8 ( l/7 2'y

The left-runner may be written in the form

(12) ~ cot3 cot aL + L (iasn0VO
(12) 93 L JM; I

-~~ + (3:) sin al, cos aL.

-~ Note that this last equation is linear in 03 and M;. The next step is

to solve simultaneously (10), (11), (12), and (7). This generally involves a

good deal of computational work.S

To illustrate the method of finding a shock solution let us refer to

EMF



E10-C N V A R1h

-PAUE A O-VISIO4 Of OENEHAL OYNA*C ..... .

440O. No. 85 DAING•ERFIELD. TEXAS tA&ORA1O*Y

Figure 4. Assume all parameters known at the shock point 8 and at the inter-

"polated point 8*. To find the solution at 9 proceed as follows:

1 }a. Assume OW and AS/Hg at the point 9 to be equal to the values at

I the preceding point, 8. That is, assume 8w9 =w8 as a first

approximation.

i b. The equation of the line (7-8) and the equation of the left-runner

- at 8 are solved simultaneously, obtaining a point 9' which is the

first approximation to 9.

f c. Now knowing the coordinates of 91 the ray angle, h9 t, is obtained.

This value of X substituted in the fifth-degree polynominal

approximation yields M and (f.

d. Next eliminate M3 between (12) and the two-way approximation for M3,

noting that 8 + 0= . This results in a quadratic equation in 8

which is readily solved.

e. Then knowing M and 8 the first iterated value of AS/Hg say, (AS/Rg) 9 ]

is obtained from the tw)-way approximation. Follow procedure a-d to

get 89,, the first iterated value of S, from which another value of

AS/Hg is obtained.

Sf. -& is now calculated from the approximating polynominal. This

gives the first iterated value of 1w, say Ow9,.

g. Now repeat the entire procedure, going through three more iterations.

In this manner the parameters at the shock point 9 are obtained.

Fortunately, the iterative process converges rapidly in all cases.

IV. Starting Solution

A point A is chosen on the surface of the second cone fairly close to 0.

Knowing X on the first cone surface the Mach number Mo is found from the

F-
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fifth-degree approximation and the parameters at A are obtained assuring wedge

flow. The entropy term AS/Rg is found from the approximation. Since 6L. is

Sknown and aL readily found, the left-runner from A is drawn in roughly.

SE

-; • conical field

CIO
-o_. g _ •___ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Knowing Mo on the cone surface and the deflection angle S. Ow is found

from reference (3) or (4) and a line is drawn through 0 with an inclination
3F

of Ow. A preliminary point B is taken on this line and, keeping the distance

OB constant, Ow and AS/Hg are obtained from the approximation formulas by

Ws iteration. The initial value of entropy at B is taken equal to that at A.

5; I PRELIMINARY WORK

sa: In our case quite a good deal of preliminary work -*as necessary before the

problem could be put on the machine. The parameters at A and B (points 101 and

2 of Figure 2) were obtained by desk calculator and given to the IBM-650

MA
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machine which performed all other calculations. A little judgment plus a

couple of trials should enable one to obtain a rough value of the cojrdinates

of the starting points graphically. Iteration is then applied at point B in

order to get the parameters accurately.

I Point E (the starred point, 2* of Figure 2) is chosen by eye so that the

. left-runner threugh it will locate roughly a point D on the shock such that the

j ~distance BD is of- the desired length. Knowing OB, BD, and h ~ a it is possible

i to estimate the number of points on the curved shock fron~t. This gives a

measure of the accuracy of the piocess. The ratio BE/BF. estimated graphically,

was given to the machine which then calculated the length BE and made all other

i |base distances (distance from a shock point to the associated starred point)

that same length. If the starred point happened to fall close to a mesh-point

then the left-runner through the latter was used and the starred point dis-

regarded. Thi means that sometimes a left-runner starting from the cone

surface went all the way to the shock front and sometimes it didn't. The

machine was given a criterion for deciding whether or not to establish a

starred point. Also, knowing kmax it was able to stop after locating one

shock point above this ray. After obtaining the coordinates of the last shock

point the machine found the distance from each remaining net point to the

perpendicular from the last shock point to the second cone surface, using the

distance formula of analytic geometry. At the same time it tested this number

for sign. When the sign changed along any given left-runner the machine stopped

calculations on that characteristic line and went back to the surface and

started up another left-runner. After giving the 650 machine the necessary

initial instructions and constants it required no further attention until the

problem was finished and ready to list.
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In this connection it was necessary to construct an oblique shock table

giving 0 - q6, Mo M, and M in terms of Mo and S (reference 4). The table

was constructed on the 650 and covers a range of 1.00 - t0 (.01) < 3.60;

0.000 < S (.005) < ( in radiansx

DISCUSSION OF THE APPROXIMATION FORMULAS

The approximations used in obtaining Mo and • have already been discussed I

in some detail. These were relatively easy to get, since most of the compu- 1
tations were carried out on the IBM machine. The formulas are as accurate as

Sthe original data.

Much more difficult to develop were the two-way quadratic approximations

for 0 w- 6, AS/Rg, and M in terms of Mo and 8. These required the use of
0

the oblique shock table mentioned above. Using numerical differentiation and

SE •Taylor's Theorem for two variables the quadratic approximations were obtained. s

a The entropy values were taken from reference (5). These approximations give

satisfactory results, since, in each case, the independent variables range

over only a limited region. The numerical differentiation was carried out on

a desk calculator. See reference (6).

SA list of approximation formulas for A(2.3604) is given below. The

formulas for the other eleven cases are not included, but are available at

this facility.

The equations for the terminal point P (Table V) were developed by desk

calculator using Lagrange's Formula for unequal intervals. See reference (6).

UL The twelve shock fronts were approximated by third degree Gram-Tshebysheff

poynominals and are shown in Table IV. Using these approximations, curves of

IW
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AI, A2 , and A3  vs Mo were plotted (Figures 8, 9, and 10). The coefficients

of a third degree approximation for any value of Mo within the range of interest

may be read directly from these graphs. Thus for a 250 - 400 double-cone

with M• = 3.5 the shock front equation is readily found to be

' (141 x = - .00016 + .489 y + .01618 y2  . .000421 y3.

This equasion gives better results than can be obtained by interpolating

linearly between the curves of Figure 5.

LIST OF APPROXIMATION FORMULAS FOR A(2.3604)

M = 1.66666 + .00149 x + .12579 x2  - .04247 x 3  - .01486 x4

+ .03167 x5

4) = .43633 - .23574 x + .12085 x2  .10296 x3  + .06772 x'

-. 02909 x5

where % = 4.24570 X - 1.85254 (K in radians)

Ow * = .95394 - .89574 (M - 1.72) + 2.18448 (8 - .260)

+ 2.1535 (M - 1.72)2 - 8.6645 (M - 1.72) (8 - .260)

+ 10.94 ( S- .260)2 ( 8 in radians

M = 1.12383 + .99265 (M- 1.72) - 2.35532 (S - .260)

- 1.754 (M - 1.72)2 + 8.1335 (M - 1.72) (8 - .260)

1- 1.326 (S .260. 2 in r•dians

Io
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AS/Rg .04349- .0195 (M - 1.72) + 571 8 .260) + 35 (M 1.72)

+ 1.35 (M . 1.72) ( $ - .260) + 4.2 ( - .260)21

DISCUSSIUN OF RESULlS I
Values of x, y, M, and 6 are tabulated for each grid point. At each

shock point Mo and • are also listed. These and many other parameters such i
as a, M,", and S* were calculated to eight significant figures and

listed for reference, but are not included in this memorandum.

Some useful information was obtained by varying certain parameters or

by changing the process. In 6rd~r to study the effect of entropy several

Scombinations were rn:: assuming irrotational flow in region III. Table ilI

indicates that entropy consideration has little effect on the results --gI
at least, rot for the combinations studied. This is an important piece of

information, since it takes about twice as long to calcu.,.ate a rotational

flow field as an irrotational one. Figure 11 shows that the entropy term

becomes more important as M. increases. However, the rate of increase of

the entropy effect be.omes less; that is, the error curve flattens out as the

Mach number increases. This leads one to speculate on the existence of a

maximum error for some large value of M•.

Figure 12 illustrates a somewhat surprising fact: namely, the flow

deflection ( 8 ) across the second shock front is nearly constant for all cone

combinations considered. For small free-stream Mach numbers 8 decreases and

then increases reaching (approximately) the initial deflection, 62 ,

at the end-point P. For large values of M; it seems that 8 increases more or

Sless monotonically with x , reaching a maximum at P. The reason for the little

A
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hump near the origin is not known to the writer.

Table 11 reveals something that was entirely unsuspected -- namely, that

rounding off to 5 significant figures usually 4 decimala) at each step does

not cause any appreciable loss of accuracy in the final results. It was also

found that certain types of small errors introduced near the beginning (e.g.,

an error of 10 in the left-runner at 102) have little effect on the parameters

at the end-point P. In some cases such errors made at an early stage tend to

correct themselves in an asymptotic sort of way as the network expands.

Some statistics on the problem might be of interest. To calculate the

parameters at 200 points in a flow field on a CPC machine required 15 hours

of machine time. On the 650 u•chine only an hour and a half was needed.

More specifically, it took 1.7 minutes to get a shock point going through 4

iterations, 12 seconds for a net point, 8 for a surface point, and 2 seconds

for an interpolated point. To calculate such a flow field by desk calculator

woulid be a formidable tAsk.

It might be pointed out that it is dangerous to attempt to draw general

conclusion from a single ease. For example, in the case of A(2.3604) Mach

number increases as the point moves up the second cone surface while for

,.coLbination A(3.9260) it decreases.

CONMMNTS

Assuining the method itself to be valid the main sources of error in the

results are probably due to: (1) different values of y used in regions II

and III (2) relatively large values of mesh lengths and the assumption of

linearity and (3) lack of accuracy of the approximation formulas.
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It would be difficult to estimate accurately the effect of item (1).

From reference (1) it appears that a variation of .005 in y produces a change

of about .01 to .02 in Mo. Fortunately this error in Mo on the shock front

is not magnified farther out in the field. So it would seem that this source

of error is comparatively unimportant.

Table II shows that the effect of the meshsize-is-unimportant within-

limits. Thus a grid of 15 shock points is nearly as good as one of 28 such

points for the combination A(3.9260). This is a worthwhile piece of infor-

mation.
II

It is believed that the approximations used give good resulzs throughout

the field. The formulas for Mo and k are as accurate as the data warrant.

Since 8 and Mo range over very restricted values it is safe to assume that

E the two-way approximations are entirely satisfactory.

A detailed worksheet for the problem is not included since anyone inter-

ested in carrying out such computations would doubtless prefer to set up his

own worksheet.

II12 1
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TABLE I

* "UMBER OF POINTS IN FLOW FIELDS AND VALUES
OF TEE PARAMETERS AT -ND-POINTS

Combination Number of Points in the Flow Fields Parameters at End-Point P

f f Shock Surface Network Total x y M 60

! A(2.3604) 19 14 75 108 2.779 9.265 1.203 29.84I•I
A(2.7296) 21 14 97 132 3.429 7,988 1,408 31.92I A(3.2188) 22 14 109 145 3.485 6.595 1.634 33.63

f I A(3.9260) 28 18 196 242 3.228 5.261 1.895 35.12

B(2.4431) 21 16 90 127 4.246 10.635 1.234 30.33
f B(2.8387) 25 18 143 186 4.546 8.813 1.442 32.51

i B(3.3694) 25 17 155 197 4.271 7.008 1.677 34.30

B(4.1538) 21 14 96 131 3.693 5.336 1.956 35.84

C(2.0665) 14 11 44 69 4.193 12.798 1.215 23.13

C(2.3604) 19 13 90 122 5.181 11.175 1,402 25.14

C(2.7296) 16 10 62 88 5.370 9.392 1.607 26.90
C(3.2188) is 10 52 77 5.097 7.669 1.842 28.49

TABLE Ii'T .I
COMPARISON OF BESULTS AT END-POINT P FOR VARIOUS RUNS

( 250 - 400 DOUBLE-CONE, Mo' = 3.9260 )

Error Error
Run Description of Run x y N 60 in M in a

_1 Rotational. 28 shock points. 3.2285 5.2607 1.8953 35.117
8 significant figures carried
throughout the calculations.

"2 Same as (1) except only 15 3.2450 5.2709 1.8945 35.136 .0008 -. 019
• -- shock points.

3 Same as (1) except S signifi- 3.2286 5.2608 1.8951 35.122 .0002 -. 005 1
cant figures carried through-
out the calculations. t

FiT:

no _ __ __

S Zu-o
55l r.
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TABLE III

COMPARISON OF RESULTS AT VARIOUS POINTS FOR DIFFERENT
TYPES OF FLOW AROUND A 250 - 400 DOUBLE.CONE

I

End-Point

Point Flow "10. x v M ° Mr -Mi Or

Irrotational 2.3604 2.7737 9.2610 1.2050 29.791

Rotational * 2.7789 9.2652 1.2027 %9.839 -. 0023 .048
End

Point Irrotational 3.2188 3.4988 6.6047 1.6386 33.518
P

Rotational 3.4850 6.5955 1.6336 33.633 -. 0050 .115

Irrotational 3.9260 3.2411 5.2685 1.9017 34.975

Rotational 3.2285 5.2607 1.8953 35.117 -. 0064 .342

Surface Points

303 Irrotational 2.3604 1.3280 1.1143 1.1072 40.000

Rotational 1.1051 40.000 -. 0021 0

1313 Irrotational U 5.5643 4.6690 1.1500 40.000

Rotational U " 1.1449 40.000 -. 0051 0

303 Irrotational 3.9260 .9358 .'852 1.8854 40.000

Rotational U 1.8870 40.000 .0016 0

1616 Irrotational U 4.0380 3.3883 I 1.8780 40.000

Rotational U U U 1.8832 40.000 .0052 0

Net Points

305 Irrotational 2.3604 1.0779 2.1493 1.1188 37.236

Rotational U U 1.1181 37.220 -. 0007 -. 016

1115 Irrotational 4.1697 6.4690 1.;<42 34.998

Rotational 1.1631 35.014 -. 0011 .016

305 Irrotational 3.9260 1.0551 1.1496 1.8856 39.326

"Rotational U U U 1.8862 39.322 .0006 -. 004

1320 Irrotational 3.7609 4.0467 1.8811 38.150

Rotational U U 1.8836 38.201 .0025 .041

___________I_____________________ __________ _________________________ ___________ ____________ ___________
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TABLE IV

EQUATIONS OF THE TWELVE SHOCK FRONTS

A(2.3604): x = .00051 + .14089 y + .021571 y2  
- .0004826 y3

A(2.7296): x -. 00045 • .21503 y + .017628 y2  .0004089 y3

A(3.2188): x = -. 00019 + .43879 y + .016428 y2  .0004080 y3

2t
A(3.9260): X= -. 00012 + .54276 y + .016086 y2  - .0004468 y 3

i
1B(2.4431): x -. 00134 + .2404S y + .019465 y 2  .0004315 y3

B3(2.8387): x -. 00046 + .40333 y + ,016134 y2  . .0003658 y3

f

1B(3.3694): x -. 00005 + .52581 y + .014625 y2  
- .0003360 y3

3B(4.1538): x -. 00007 + .62818 y + .014956 y2  .0004476 y3

2I
-g

C(2.0665): x = .00025 + "13050 y + .019890 y2  - .0003524 y3

C(2.3604): x = -. 00086 + .31332 y + .016952 y2  .0003122 y3

C(2.7296): x = -. 00077 + .44802 v + .016448 y - .0003467 y3

C(3.2188): x = -. 00039 + .56032 y + .016834 v2  .0004147 y3

N1

TABLE V

EQUATIONS OF CURVES THROUGH END-POINTS

"2 3
Group A: x 5.78203 - 1.84042 y + .38191' y - .02358 y

Group B: x = 1.88961 + .09620 y + .0806S y - .00649 yl

Group C: x = 10.10739 - 2.35313 y + .33239 y - .01443 c

S

mm DIE
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Fig. 3.

DIAGRAM AT A NET POINT

(250-4d' Double Cone, M0= 2.3604)
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Fig. 4.
DIAGRAM AT A SHOCK POINT

(25-40 Doub!e Cone, Mo -2.3604)
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TABLE VII

MACH NMER AN•D FLOW DIRECTION IN THE FIELDS AROUND DOUBLE-CONES

M0-2-3604 2? 0° 40? M-2.7296

"P X y M P X y M

10i .766 0.643 1.073 40.000 101 .400 0.336 1.350 40s000

2 *222 1.281 1.087 37.595 2 .185 0.571 1.347 39.093
2 1.671 22.699 2 1.902 23.992
2* .424 1.167 1.088 38.241 2* *296 0*554 1.349 39.313

102 .626 1.054 1.089 38.886 102 .408 0.536 1.352 39.534
202 1.013 0.850 1.099 40.000 202 .605 0.508 1.354 40.000

5 *293 1.654 1.096 36.929 3 e316 0*960 1.352 38.375
3 1.673 22.122 3 1.903 23.368

103 .489 1.546 1J097 37*516 103 .427 0.942 1.355 38*585
203 *878 1.337 1*105 38s569 203 *622 0*911 1.356 39.031
303 1.329 1.I15 1.105 40&000 303 1.015 0&852 1.356 40*000

I

4 .373 2*037 1.105 36.294 4 .455 1.350 1.358 37.710
4 1.676 21.567 4 1.906 22.787
4* *576 1.927 1.109 36.810 4* *566 1.331 1.359 37&957

204 *762 1.826 1.112 37.281 204 .646 1.317 10359 38.136

304 1.199 1.605 1*110 38.599 304 1.033 1.254 1.358 39*063
404 1.653 1.387 1*110 40.000 404 1.426 1.196 1*358 40.000

5 .470 2.463 1.118 35.581 5 .599 1.744 1.363 37@129
5 1.680 20#992 5 1.909 22.238

205 *654 2*365 1.121 36.013 5* .711 1*724 1.363 37*369

305 1.075 2.150 1.118 37.212 205 .679 1.730 1.363 37.300

405 1.514 1.933 1.I16 38.494 305 1.058 1.664 1.361 38.187

505 2*021 1.696 1.115 40.000 405 1.444 1.602 1*360 39.084
505 1.840 1.544 1.360 40.000

6 .572 2o875 1.130 34.942
6 1.684 20.470 6 .750 2.140 1.367 36*590

6* .778 2*769 1.128 35.499 6 1.912 21.721

306 .978 2.665 1.126 36.041 6* .861 2.120 1&366 36*845

406 1.403 2.453 1.123 37.217 306 1*090 2.077 1.364 37.372

506 1.893 2.217 1.121 38.604 406 1,470 2*012 1.362 38o232

606 2.378 1.995 1.120 40*000 506 1.859 1.950 1.362 39.ii0
606 2*257 1.894 1*362 40*000

7 .697 3*349 1.138 34.359
7 1.689 19.906 7 .906 2.537 1*370 36.110

307 .889 3.251 1.136 34*853 7 1.916 21.232
407 19297 3.045 1.132 35.921 7* 1.017 2.516 1.369 36.359
507 1.769 2.813 1.128 37.183 307 1.131 2.494 1&368 36.615
607 2.237 2.592 1.126 38.458 "07 1.502 2.426 1.366 37*439
707 2.792 2.343 1.125 40.000 -07 1.885 2.361 1.364 38&281

607 2.276 2.300 1*363 39.135

8 .825 3.808 1.145 33.838 707 2.674 2.244 1.363 40.000
8 1.694 19*393
8* 1.032 3.703 1.143 34.353 8 1.066 2&934 1.373 35.664

408 1.218 3.608 1.140 34.816 8 1.920 20.769

508 1.673 3.382 1.136 35.973 308 1.178 2.913 1.372 35.910
608 2.125 3.164 1#133 37o143 408 1.542 2.842 1.369 36.700
708 2.663 2.916 1.130 38.561 508 1.918 2.775 1.367 37.508
808 3.196 2.682 1.129 40*000 608 2.303 2.711 1.366 38.328

708 2:694 29650 1.365 39.159

9 .974 4.313 1.152 33.314 808 3.092 2.595 1.365 40.000
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TABLE VII

KMACN NUMIBER AND FLOW DIRECTION IN THE FIELDS AROUND DOUBLE-CONES

Mox2.3604 2?- 40° M.' 2.7296

P y M ,P x y M 4'
9 1,700 18.863 9 1.232 3.335 19377 35.24;

409 1.152 4*222 1*150 33.739 9 1.924 20*325
509 1.590 4*003 1.145 34*793 94 1.343 3.3'.3 1.376 35.481
609 2.025 3*790 1.141 35.860 409 1.590 3.21.3 1.373 36.004
709 2*542 3*545 1.137 37.155 509 1.959 3.194 1.371 36*780
809 3.058 3.311 1.134 38*473 609 2&336 3.127 1.369 37*568

- 909 3.644 3.058 1.133 40*000 709 2.721 3*063 1.367 38.367
809 3,113 3*003 1.366 39.176

"10 1.113 4*765 1.158 32.878 909 3.513 2.948 1.366 40,000
10 1.705 18.412
10* 1.320 4.660 1,156 33.356 10 1.401 3*733 1.380 34.855

510 1.536 4,551 1.153 33.855 10 1.929 19*906
610 1.956 4*344 1.149 34.841 10A 1,511 3.711 1.379 35.085
710 2.457 4.103 1.144 36&039 410 1.643 3,684 1.377 35.359
810 2*956 3.871 1,140 37o258 510 2*005 3.612 1.374 36.105
910 3*525 3.617 1.137 38*676 610 2.376 3*543 1.372 36e863

1010 4.048 3*397 1.136 40.000 710 2.755 3.476 1.370 37.631
810 3.140 3.414 1.369 38.410

11 1.284 5.294 1.165 32.407 910 3.534 3.354 1.368 39.204
11 1.712 17.913 1010 3.933 3.300 1.368 40.000

511 14491 5.190 1.162 32.867
611 1.895 4.988 1*158 33.772 11 1.574 4.132 1.383 34.491
711 2.377 4*754 1.152 34*868 11 1*934 19*506

S811 2.858 4.526 1.148 35.983 411 1.703 4.104 1.382 34.755
911 3.406 4.275 1.144 37.281 511 2.058 4.031 1.378 35.472

1011 3.912 4.053 1.141 38*499 611 2.422 3.960 1.375 36.201
1111 4.524 3.796 1*139 40.000 711 2*795 3o892 1.373 36.942

811 3.174 3.826 1.371 37*69212 1*466 5*837 1.172 31.962 911 3.562 3.764 1.370 38.457

12 1.719 17.426 1011 3.954 3.706 1.369 39.225
12* 1.673 5.733 1*169 32s405 1111 4.352 3*652 1.369 40.000 E

612 1.855 5*642 1.167 32.794 1
712 2.319 5.413 1#161 33o801 12 10779 4o593 1*387 34.099
812 2.781 5.191 1*156 34.824 12 1.940 19.062
912 3.309 4.944 1.151 36.014 124 1.890 4.570 1.385 34.317 S

1012 3.797 4.723 1.147 37.132 512 2.127 4,519 1.383 34.785
1112 4.390 4.466 1.144 38.514 612 2.483 4o446 1.319 35*484
1212 5.015 4.208 1.142 40.000 712 2.848 4.376 1.377 36.192 2

13 1.659 6*388 1.178 31,545 912 32601 43242 1.372 376645
13 1.726 16.954 1012 3.986 4@180 1.371 38.382

613 1.834 6.300 1.176 31.906 1112 4.377 4.122 1.370 39.127 I
713 20280 6.079 1.170 32.834 1212 4.838 4.059 1.370 40.000
813 2.725 5.863 1.164 33&776
913 3.234 5.621 1.159 34.869 13 1.960 4.991 1.390 33.781

1013 3.704 5.404 1*154 q5#896 13 1.945 18.695
1113 4.276 5.148 1150 37.167 134 2.071 4.967 1*388 33*995
1213 4.881 4.888 1.147 38.537 513 2.193 4.941 1*387 34.233
1313 5.517 4.629 1.145 40,000 613 2.543 4.867 I.383 34*907

713 2.901 4.795 1.380 35*590
14 1*833 6&866 I*183 31#209 813 3.266 4*725 1.377 36*284
14 1.732 16.560 913 3.641 4.657 1.375 36*992
14 2.040 60762 le180 31.626 1013 4.021 4.592 :*373"374703

714 2.265 6o650 1,177 32.078 1113 4.406 4.531 1.372 38.422
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TABLE V II

MACH •"UBER AND FLOW DIRECTION IN THE FIELDS AROUND DOUBLE-CONES

+A••'2.3604 2- 40o Mo 2.7296

SP x y M 0 x y M
814 2.695 6.439 1.171 32.958 1213 4&860 4.464 1.371 39&267-i914 3*18& So203 1,166 33,978 1313 5*257 4*412 1*371 40*O000

S1014 3,644 5,989 1*161 34e936S1114 4*198 5*736 1#156 36*120 14 2*144 5*388 1*393 33#483
1214 -4o785 5#477 1*151 37*398 14 1*950 18#3421

S1314 5*404 5#216 1#148 38*766 514 2#264 5*362 1*391 33*7131
1414 5*954 4#996 1&147 40.000 614 2.608 5.287 1.387 34.364

714 2.960 5.214 1.3a4 35.023
15 2*045 7*432 1*188 30.841 814 3.319 5.142 1.361 35.693
S15 1740 16.109 914 3.687 5.073 1.378 36.376

715 2*262 7*325 1*185 31.263 1014 4.061 5.006 1.376 37.064
815 2*677 79120 1*180 32.078 1114 4*441 4*942 1*374 37.759
915 3o151 6&889 1#174 33.022 1214 4,888 4.872 1.373 38o5751015 3*590 6#681 1*169 33*906 1314 5.280 4.815 1.372 39.285

1115 4*124 69432 1*163 34.997 1414 5.677 4.763 1.372 40.000
1215 4*690 6*177 1*158 56.175
1315 5.289 5.916 1.154 37.439 15 20348 5.818 1.396 33.182
1415 5*822 5*693 1#151 38.581 15 1.956 17.971
1515 6*475 5*433 1*149 "0.000 15 2.458 5.794 1#394 33.387

615 2o684 5.743 1.391 33.809
16 2.277 8.029 1.194 30.48.. 715 3.030 5.669 1.388 34*444
16 1.749 15.649 815 3.382 5.596 1.384 35.089
16* 2.484 7.926 1.191 30.877 915 3.744 5.525 1&381 350748

816 2,676 7.831 3.188 31o241 1015 4.111 5.456 1.379 36.411
916 3.133 7.607 1.182 32.114 1115 4.484 5.390 1.377 37.0811016 3.555 7.404 1.177 32.931 1215 4.924 5.316 1.375 37.8691116 4.070 2.161 1.171 33.938 1315 5.310 5.256 1.374 38.554

1216 4.615 6.910 1.165 35.024 1415 5.701 5.200 1.373 39o245
1316 59191 6.652 1.160 36.187 1515 6.130 5.144 1.373 40&000
1416 5.707 6.429 1.156 37.241
1516 6*339 6.166 1.153 38.553 16 2.538 6.214 1.398 32*920
1616 7.025 5.894 1.151 .40.000 16 1.962 17.640

16 2o648 6o189 1.397 33.122
"17 2*508 8.608 1.198 30.167 616 2.760 6t164 1.395 33.328
17 1.758 15.215 716 3,099 6.089 1.391 33.943

S817 2.693 8.516 1.196 30.508 816 3.446 6.015 1.388 34.567
917 3s134 8.298 1i189 31.323 916 3.801 5*943 1385 35zi04

1017 3.542 8.100 1.184 32.083 1016 4.163 5.872 1.382 35.845
1117 4.038 7*8G3 1.178 33.019 1116 4.530 5.804 1.379 36.494
1217 4.563 7.617 1.172 34.025 1216 4.963 5.728 1.377 37.256
1317 5.120 7.363 1.167 35.102 1316 5.344 5.665 1.376 37.920
1417 5.618 7.142 1*162 36.076 1416 5.730 5.606 1.375 38.589
1617 7.028 5.879 1.151 39.970 1516 6.153 5.546 1.374 39.322

18 2.722 9*131 1.202 29e902 17 2.731 6.609 1.401 32.674
18 1.766 14.829 17 1.968 17.318
18* 2.930 9.028 1.199 30.275 617 2.841 6.583 1.399 32.874

918 3o150 8.919 1:196 30s670 717 3.174 6.503 1.395 33.470
1018 3o545 8.726 1.190 310385 817 3.514 6.434 1.391 34.074
1118 4.025 8.494 1.184 32.264 917 3.864 6.360 1.388 34.691
1218 4.534 8.253 1.178 33.207 1017 4.220 6.288 1.385 350311

1117 4v581 6.219 1.382 350939
19 2.968 9.715 1.206 29.628 1217 5.008 6.140 1.379 36.678
19 1.776 14.404 1317 5.383 6.075 1.378 37.321
11__ _ _ _
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TABLE VI I

KACH NMIBER AND FLOW DIRECTION IN THE FIELDS AROUND DOUBLE-CONES

REM' -2.3604 2?- 40 m s2.7296

p y M p x y M
1019 3*563 99420 1.*97 30.670 18 2&926 7*002 1403 32.444

18 1.974 17,003
18* 3,036 6o977 1.402 32.638

718 3.253 6.926 1.399 33*021
818 3,588 6*852 1.395 33.606
918 3.932 6.777 1.391 34.204

1016 4*282 6.704 1.388 34*805
1118 4.638 6.633 1.385 35.414
1218 5,058 6.553 1.382 36.130

19 3.124 7.394 1.405 32o224
19 1.981 16.694
19* 3.234 7.368 1.404 32.416

719 3*337 7.344 1.402 32.597
819 3.666 7a269 1.398 33.165
919 4*004 7.194 1.394 33,745

1019 4.348 7.120 1.391 34.328
1119 4,698 7.048 1,388 34.918

20 3*323 7.784 1.*407 32.018 I
20 1.987 16.392

720 3.425 7.760 1.406 32.194i
820 3.748 7.685 1.401 32.746
920 4.081 7*609 1.397 33*309

1020 4.419 7.535 1.394 33*875

21 3.510 8.145 14409 31.839
21 1.993 16*115

821 3.828 8.069 1.404 32*376

I
i
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TABLE V II
MACH tIDIBER MID FLOW DIRECTION IN THE FIELDS AROMN DOUIBLE-CONES

# - 3.2188 2?5- 4f M'* 3.9260

P x M efP y M 9
Iy

101 *34.5 0.289 1.606 40&000 101 .400 0.336 1.889 40.000

2 .245 0.548 1.600 39&257 2 .290 0.525 1.881 39.400

2 2.179 24.097 2 2&521 24.186
2* .321 0.549 1.603 39.346 2* .335 0.531 1.882 39.440

102 .398 0.549 1.606 39.435 102 .469 0*543 1.888 39.561
202 .660 0.554 1.607 40.000 202 .688 0.577 10887 40.000

3 .387 0.858 1.605 38.713 3 e397 0.716 1.883 39.097
3 2.181 23*626 3 2*522 23.909

103 *464 0*859 1*607 38.798 3* *441 0.722 1*884 39*136
203 .722 0*860 1.607 39.348 103 *531 0.733 1.887 39.214
303 1*030 0*865 1*607 40.000 203 .748 0.760 1.887 39#648

303 .936 0.786 1.887 40*000
4 *534 1*169 1.609 38.201
4 2.183 23*182 4 1505 0*907 1.885 38.803
4* *610 1*169 1.609 38.361 4 2.523 23.643

204 .788 l1.6S 1.608 38.735 4* .549 0.913 1*886 38o842
304 1.093 1*169 1.607 39.369 104 .594 0.918 1.888 38*880
404 1i399 1*174 1*607 o0s000 204 .808 0.944 1.886 39.307

304 .995 0.968 1.886 39&654

5 .683 1.480 1.610 37.793 404 1.183 0.993 1.886 40.000

5 2.185 22s760 S5*1 760 1.479 1.610 37*952 5 .614 1*098 1.887 38&520
205 .859 1.478 1.609 38.157 5 2*524 23.385
305 1.159 1#477 1.608 38,775 105 .658 1.103 1a888 38*558
405 1.461 1.479 1.607 39.389 205 .870 ].!77 ".887 38.979
505 1.768 1#484 1.607 .40.000 305 1.056 1.150 Is886 39.322

405 1.242 1.174 1.886 39.563

6 .835 1.790 1.612 37.413 505 1.429 1.199 1.886 40.000
6 2.188 22*361

206 *933 1*789 1*611 37*614 6 .722 1.285 1.889 38.253
306 1.229 1*785 1.610 38.215 6 2.526 23*141
406 1*527 1.784 1.608 38.813 6* .767 1.290 1*889 38.341

506 1.830 1*786 1.608 39.408 206 .933 1.308 1*887 38.668

606 2*134 1.791 1*608 40*000 306 1.117 1*330 1*886 39.006
406 1&301 1*353 1*886 39.343

7 1.032 2.183 1614 36.968 506 1.487 1.376 1.886 39.676
7 2.191 21.882 606 1.670 1*401 1*886 40.000
7* 1.108 2.181 1.613 37.121

307 1*322 2.176 1.612 37*549 7 .834 1.475 1.889 38e041
407 1.615 2.172 1.610 38.128 7 2.528 22.900
507 1.912 2.171 1*609 S8.705 7* .879 1.480 1*889 38*130
607 2*212 2.172 1*608 3S.278 207 .998 1*493 1.888 38.364
707 2.595 2.178 1.608 40.000 307 1*180 1.513 1.887 38e697

407 1.363 1*535 1.886 39*029
8 1.189 2*492 1.616 36.640 507 1.546 1.557 1.885 39*358
8 2.195 21.523 607 1.728 1.581 1.885 39*678
8' 1.265 2.489 1&615 36.791 707 1.913 1.606 1.885 40.000

308 1.399 2.486 1.614 37*058
408 1.689 2*479 1.612 37*622 8 .946 1.665 1.890 37.840
508 1.982 2.476 1.610 38.184 8 2*530 22.667
608 2.278 2*475 1.609 38.744 8* .991 1.670 1.889 37.928
708 2.656 2.477 1.608 39.449 208 1.063 1.677 14888 38.071
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TABLE VII

MACH M14BER AND FLOW DIRECTION IN THE FIELDS AROLd DOUBLE-CONFS
M' 3.2 188 2?- 4(f m 3.9260

P x y M P x y M e
808 2*958 2o482 1.608 40o000 308 1.244 1.696 1.887 38a400

408 1.425 10717 1.886 38.727
9 1.348 20799 1*617 36.332 508 1s607 1.738 19886 39.052I
9 2*198 21.180 608 1.787 1.760 1.885 39.3689* 1.424 2.797 1.616 36.482 708 1.971 1.784 1.885 39*686309 1.480 2.795 1.616 36.592 808 2.156 1.809 1.885 40.000

409 10765 2.787 1.613 37.143
509 2o055 2.781 1.612 37.692 9 1.058 1.854 1.890 37.648
609 2.347 2.778 1.610 38.238 9 2.532 22.441
709 2*721 2o777 1.609 36o926 9* 1.103 1.858 1.889 37.736
809 3.019 2.779 1.609 39.465 209 1.130 1.861 1*889 37*759
909 3.319 2.785 1.609 40.000 309 1.309 1.879 1.888 38.113

409 1.489 1.899 1.887 38c43610 1.509 3.106 1.619 36.044 509 1,669 1&919 1.886 38.757
10 2.202 20.851 609 1.848 1.940 1.885 39.069
10* 1.585 3.103 1.618 36.192 709 2#030 1.963 1*885 39.382

310 1.564 3.104 1.618 36.151 809 2*213 1.986 1.885 39.693
410 1.845 30094 1.615 36.689 909 2.396 2.011 1.885 40.000
510 2.131 3.086 1.613 37.224
610 2.419 3.081 1.612 37*757 10 1.171 2.042 1.890 37.464
710 2.788 3.077 1.610 389430 10 2.534 22.221810 3.083 3.077 1.609 38.956 10* 1.216 2.047 1.889 37.552
910 3.379 3.080 1.609 39.480 210 1.198 2.045 1.889 37.516

1010 3e677 36086 1.609 40*000 310 1*375 2.062 1.888 379836
410 1.553 26080 1.887 33.15611 1.672 3.412 1.620 35.772 510 1.732 2.100 1.886 38.472

11 2.206 20&534 610 1.909 2o120 1.885 38.780
11* 1.748 3.409 1.619 35.917 710 2.090 2.141 1.885 39.090

411 1.928 3,401 1.618 36.257 810 2.272 2.164 1.884 39.396
511 2.21e 3&392 1.615 36.781 910 29453 2&187 1.884 39.700
611 2.494 3.385 1.613 37.301 1010 2.636 2.211 1.884 40e000
711 2.859 3.378 1.611 37.959
811 3.150 3.376 1.610 38.473 11 1.285 2.230 1.890 37s288S911 3*442 3o377 1.610 38.985 11 2.536 22.008

1011 3o738 3&380 1.609 39.494 11* 1*330 2.234 1.890 37.3691111 4.034 3*385 1*609 40.000 311 1.442 2.245-1.889 37.570
411 1.619 2.262 1.888 37088512 1.836 30717 1.622 35.514 511 1.796 2.280 1.886 38.197

12 2.210 20*229 611 1.972 2.299 1.886 38.501
12* 1.912 3.713 1*621 35.657 711 2.151 2.320 1.885 38.807

412 2.013 3-709 1.620 35.847 811 2.331 2*341 1.884 39,110
512 2.291 3.698 1.617 36.359 911 2.512 2.364 1.884 39o410612 2.572 3.689 1.615 36.868 1011 2.692 2.387 1.884 39*707712 2o932 3.680 1.613 37.511 L112874 2.411 1.884 404000
812 3.219 3.676 1.611 38.014
912 3.509 3.674 19610 38.514 12 1*2,9 2.417 1.890 37.113

1012 3.801 3.675 1.610 39.013 12 2-59 21.01= 1112 4.094 3.678 1.610 39.508 12 1.444 2.421 1.890 37.193

1212 4.390 3.684 1.610 40*000 312 1.510 2.427 1.890 37.312
412 1.685 2.444 1.888 37.623

13 2.002 4.020 1.623 35t271 512 1.861 2.461 1.887 37.93113 2.214 19.934 612 2.035 2.479 1.886 38.232
413 2.102 4.016 1.622 35.457 712 2*213 2.499 1.885 38.534
513 2.376 40003 1.619 35.957 812 2.392 2.519 1.885 38.834

XS



C h/' N I I AI I in

PAGE 42 A DIVISION OF oPNs2AL DYNAMICS CORPORATION AIROPHYSICS

MEMO. NI. 85 OAINGERFIELD. TEXAS LARORATORY

TABLE VI I

MAOI NMBER AND FLOW DIRECTION IN THE FIELDS AROLND DOUBLE-CONES

t4|', 3.2188 2?- 4& M- 3.9260

613 2*653 3.993 1*617 36.455 912 2.571 2.540 1.884 39.130
"713 3.008 3.982 1.614 37.084 1012 2.750 2.562 1.884 39.423
813 3.292 3.976 1.613 37.576 1112 2#930 2.586 1.884 39.713
913 3.578 39972 1.611 38.066 1212 3.110 2.610 1.884 40.000

1013 3.867 3.971 1,611 38.553
1113 4.157 3.971 1.610 39.038 13 1.513 2.604 1.891 36.945
1213 4.450 3.975 1.610 39.521 13 2.541 21.599
1313 4.744 3.980 1.610 40.000 13* 1.558 2.608 1.890 37.025

313 1.579 2*610 1.890 37*062
14 2.219 4.412 1.625 34.977 413 1.753 2o625 1.889 37.370
14 2.220 19s566 513 1.927 2.642 1.887 37.675
14* 2.295 4.408 1.624 35.115 613 2.100 2.659 1.886 37.972

S514 2.488 4o398 1.622 35.464 713 2.276 2.677 1.885 38*270
614 2.761 4*385 1.619 35.948 813 2.453 2.697 1.885 38.566
714 3.110 4.372 1.616 36.559 913 2.631 2.717 1.884 38.859
814 3.390 4.364 1.614 37*038 013 2.809 2.738 1.884 39.149
914 3.672 4.358 1.613 37.515 1113 2.988 2.760 1.884 39&435

1014 3.956 4o354 1.612 37#990 1213 3o167 2.784 1.884 39.719
1114 4.242 4.352 1.611 38.462 1313 3.346 2.808 1.884 40.000
1214 4.530 4.352 1.610 38.931
1314 4.821 4.355 1.610 39&398 14 1.628 20790 1.891 36.785
1414 5.198 4.362 1.610 40000 14 2.544 21o402

14* 1.673 2.794 1.891 36.864
15 2.388 4*713 1*626 34A761 34 1.649 2.792 1.891 36.821
15 2.225 19.291 41'1 1.821 2@806 1.889 37*125
15* 2.464 4.708 1.626 34.898 514 1.994 2.822 1.888 37.426

515 2*578 4.702 1.624 35.103 614 2.165 2.838 1.887 37o720
615 2e847 4e688 1.621 35e577 714 2.340 2.856 1.886 38.015
715 3.192 4.673 1.618 36.176 814 2.516 2.874 1.885 38.307
815 3.468 4.664 1*616 36.645 914 2.692 2.894 1.884 3C-597
915 3.747 4.656 1.614 37.112 1014 2.869 2.914 1.884 38.883

1015 4.028 4.650 1*613 37.577 1114 3.046 2.935 1.883 39o167
1115 4.311 4*647 1.612 38*040 1214 3.224 2.957 1.883 39.447
1215 4.596 4.645 1.611 38.500 1314 3&402 2.980 1*883 39.725
1315 4.883 4.646 1&611 38.958 1414 3.580 3.004 1,883 40*000
1415 5.257 4.650 1.610 39.548
1515 5.548 4.655 1.611 40.000 15 1.74; 2.975 1.892 36.631

15 2.546 21.210
16 2.558 5.012 1.628 34.558 15* 1.789 2.979 1.891 36.710
16 2.229 19.023 415 1.890 2.987 1.890 36.889
16* 2.634 5.008 1.627 34*694 515 2.062 3.002 1.889 37.186

516 2*670 5.006 1.626 34.759 615 2*231 3.018 1.887 37.476
616 2.936 4*991 1.623 35.224 715 2.405 3.034 1.886 37.768
716 3.276 4*974 1.620 35.810 815 2*579 3.052 1.885 38.057
816 3.549 4.963 1.618 36.270 915 2.754 3.070 1.885 38.343
916 3&825 4.954 1.616 36.728 1015 2.930 3.090 1.884 38.626

1016 4*102 4.947 1.614 37*183 1115 3*105 3.110 1.884 38.906
1116 4*382 4.941 1.613 37.637 1215 3*282 3*131 1.883 39.184
1216 4.665 4.938 1.612 38.088 1315 3.459 3.153 1.883 39.459
1316 4*949 4.937 1.611 38.537 1415 3.636 3o176 1.883 39o731
1416 5.319 4.938 1.611 39.116 1515 3*814 3.200 1.883 40.000

1 1516 5o607 4e942 1*611 39.559
16 1.860 34160 1.892 36.483

17 2.729 5.310 1.629 34o366 16 Z.549 21.022
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TABLE VII
MACH NMER AND FLOW DIRECTION IN THE FIELDS AROWD [X)IULE-CONES

t4.3.2188 2?-4C? M'-3.9260

P X y M P X y M

17 2.234 18.762 16* 1.905 3.164 1.842 36.562
17* 2*805 5.306 1.628 34.501 416 1.960 3.168 1.891 36*660

"517 2.765 5.308 1.629 346429 516 2.130 3*182 1.889 36.954
617 3.027 5.292 1.625 34.885 616 2o299 3.197 1.868 37.241
717 3*363 5.274 1.622 35*460 716 2.471 3.213 1.887 37*529[
817 3*632 5*262 1.619 35.911 816 2.&C4 3*229 1.886 37.815
917 3.904 5o251 1.617 36o360 916 2.817 3.247 1.885 38.098

1017 4.179 5.243 1.616 36.806 1016 24991 3.265 1.884 38.378
1117 4.456 5.236 1.614 37.251 1116 3.166 3*285 1.884 38*655
1217 4*735 5.231 1.613 37.694 1216 3.341 3*305 1.883 389929 I
1317 5.017 5*228 1*612 38.134 1316 3.517 3*326 1.883 39*201

1416 3.693 3.348 1.883 39*470
18 2.901 5.607 1.630 34.184 1516 3o869 3.371 1.883 39.736
18 2o239 18.507 1616 4&046 3*395 1.883 40.000
18* 2o977 5.602 1.629 34.315

618 3.119 5.593 1.627 34.561 17 1.976 3*344 1.893 36#3 2
718 3.451 5.574 1.624 35.125 17 2*552 20*838
818 3.718 5.560 1.621 35*567 417 2.031 3.348 1.892 36*438918 3*987 5.549 1.619 36*007 517 2.200 3.362 1.890 36*729 I1018 4*258 5.538 1.617 36.446 617 2.366 3.376 1.889 37.012

1118 4*532 5*530 1.615 36*882 717 2*537 3.391 1.887 37.297
1218 4.808 5*523 1.614 37.316 817 20709 3.407 1.886 37.580

917 2.881 3o424 1.885 37*860
19 3.073 5.903 1.631 34.009 1017 3.054 3.441 1&885 38.137
19 2*244 18.258 117 3*227 3*460 1.884 38.411
19* 3.150 5.898 1.630 34.140 1217 3.401 3*479 1.883 38o682619 3.214 5.893 1.629 34.251 1317 3-S75 3.499 1.883 38.951

719 3.542 5.873 1.626 34.805 1417 150 3.520 1.883 39.217
819 3*805 5*858 1.623 35*238 1517 3*925 3*542 1-883 39o481919 4.071 5.845 1*621 35.670 1617 4*101 3.565 1.883 39.7421019 4.339 5.834 1.618 36.100 1717 4.277 3.589 1.883 40*000

1119 4.610 5.824 1,61' 36.529
18 2.118 3.566 1.893 36&.78

20 3.247" 6.197 1.632 .*3.844 18 2*556 20.621
20 2o249 18.013 18* 2.163 3*570 1.892 36*256

620 3.311 6.192 1.631 33*953 518 2*284 3.579 1.891 36*465
720 3*634 6.170 1.627 34.497 618 2.450 3*592 1.890 36*745
820 3*894 6.155 1.625 34.923 718 2.619 3*606 1.888 37*026
920 4.157 6.141 1.622 35*347 818 2.789 3.621 1.887 37*305

918 2o959 3.637 1.886 37.581
21 3*393 69442 14633 33*712 1018 3.130 3.654 1.885 37.854
21 2.254 17.810 1118 3.302 3.671 1.884 38.125 r
21* 3.469 6*437 1.632 33.840 1218 3.474 3.689 1.884 38o393

721 3.713 6.420 1.629 34.248 1318 3.647 3.709 1.883 18,658
821 3.970 6.403 1.626 34.668 1418 3*820 3.729 1.883 38.921

1518 3s994 3.749 1.883 39.181
22 3*568 6*733 1.634 33*562 1618 4.169 3.771 1.883 39*439
22 2.259 17.573 1718 4.343 3.794 1.883 39*694

1818 4.555 3.822 1.883 40*000

19 2.235 3.749 1.893 36.048
19 2.559 20.445
19] 2*280 3:752 1:893 36.125

519 2_355 39758 1_892 36,255
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TABLE V I I

VAC' 4.,AMBER NO FLOW DI RECT I ON IN THE FI ELDS AROLNO DOUGLE-aNES

*4 -3.2188 2?- 4(f M.- 3.9260
P X y M P X y M

619 2.519 3.770 1.890 36*532
719 2.687 3.784 1.869 36.810
819 2.855 3.798 1.888 37.086
919 3.025 3.813 1.886 37.359

1019 3.194 3.829 1.885 37.629
1119 3.365 3.846 1.885 37.897
1219 3.536 3.863 1.884 38.162
1319 3.708 3.882 1.883 38.425
1419 3.880 3.901 1.883 38.685
1519 4.052 30921 1.883 38.942
1619 4,226 3.942 1.882 39.197
1719 4*399 3.963 1.882 39*450
1819 4.609 309•0 1.883 39.753
1919 46784 4.014 1.883 40.000

20 2.352 3.931 1.894 35.922
20 2*562 20*272
201 2*397 3.934 7e893 56.000

520 2.427 3&936 1.893 36*051
620 2.589 3*948 1.891 360325
720 2*756 3*961 1*890 36*600
820 2.923 3*975 1.888 36.873
920 3*091 3.989 1.887 37.143

1020 3*259 4*004 1.886 37.411
1120 3s428 4*020 1.885 37.67•
1220 3*598 4.037 1.884 37*938
1320 3.769 4.054 1.884 38.198

S1420 3.940 4.073 1,883 33.455
1520 4.111 4.092 1883 38.710
1620 4.283 4.112 1."82 38.962
1720 4.456 4.133 1.882 39.2131
1920 4.783 4.013 1,883 39.998

21 2.469 4aI12 1.894 35*802
V2. 2.565 2091Z2
2i* 2,514 4.116 1.893 35o879

521 2,499 4.115 1.894 35*853
621 2.660 4.126 1.892 36.124
721 2*825 4.138 1.890 36.396
821 2.991 4.151 1.889 36*666
921 3.158 4o165 1.88. 36.934

1021 3.325 4.179 1.886 37.199
1121 3,493 4 .194 1.8c5 37.461
1221 3.662 4.210 1*So5 373720
1321 3.831 4.227 1.884 37.977
1421 4.000 4.245 1.883 38.232
1521 4,171 4.263 1.683 38.485
1621 4.342 4.282 1.883 38.734

22 2.587 4*293 1*894 35.686
22 2s568 19.935
224 2.632 4o296 1.894 35.762

622 2.732 4.303 1.693 35.928
722 2.895 4.314 1.891 36.198
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TABLE VII
HAMH NI4BER 4 FLOW DIRECTION IN THE FIELDS AROUJND D(Mi-CONES

34.32188 2?- 4" M' -3.9260

P X y M P X y M (f
822 3.060 4.327 1.889 36.465
922 3.225 4.340 1.888 36.730

1022 3.391 4.354 1.887 36.992
1122 3.558 4.368 1.886 37.252
1222 34725 4.383 1*885 37*509
1322 3.893 4.399 1.884 37.763
1422 4.062 4.416 1.884 38.016
1522 4.231 4.434 1.893 38.265

23 2.705 4.473 1.895 35.573
23 2.572 19.771
23* 2.750 4.476 1.894 35.649

623 2.804 4.480 1.893 35.738
723 2.966 4.491 1.892 36.005|
823 3.129 4.502 1.890 36.270
923 3.293 4.515 1.889 36.532 I1023 3.458 4,528 1&887 36*792

1123 3o624 4o542 1.886 37.048
1223 3.790 4.556 1.885 37.303 1
1323 3o957 4o572 1.885 37*555
1423 4s124 4.588 1.884 37.805 |

24 2.823 4.653 1.895 35o464
24 2.575 19o609

624 2.876 4.656 1.894 35.553
724 3.037 4.666 1.892 35.818
824 3.199 4.677 1.891 36.080
924 3.362 4.689 1.889 36.339 j

1024 3.526 4.702 1.888 36o596
1124 3o690 40715 1.887 36a851
1224 3o855 4.729 1.886 37.103
"1324 4.021 4.744 1.885 37.352

25 2,962 4.862 1.895 35.342
25 2.579 19.422
25* 3.007 4o864 1.894 35.416

725 3.121 4.871 1.893 35.604 A825 3.282 4.882 1.891 35.86':'

925 3.443 4.893 1.890 36o119•)°1025 3*605 4*905 1*889 360374

11.25 3o768 4.917 1.887 36.625
1225 3.932 4.931 1.086 36.874

26 33080 5.039 1.895 35.240
26 2.583 19.264
26* 3*125 5.042 1.895 35.314

726 3.194 5.046 1.894 35o426
826 3.353 5.056 1.892 35.683
926 3.513 5.067 1.891 35*937

1026 3.674 5.076 19889 36o189 1|
27 3o199 5.217 1.895 35.141
27 2.586 19.109
27_ 3.244 5.219 1.895 55.215

-____________________________ ________________________________________
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• TABLE VI I

-K40i NA AND FLOW DIRECTION IN TE FIELDS AROU4 DOLULE-COMES

P ' 3.2188 2_- M,- 3_,_.920

727 3.267 5.221 1.894 35.252
827 3.425 5.230 1.893 35.507
927 3.584 5.240 1.891 35.758

28 3,317 5.393 1.895 35,046
28 2.590 18.955

I 828 3.497 5a403 1.893 35.334
JS

* __ j-!-
&
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TABLE VII
MACH NUMER AND FLOW D!RECTION IN THE FIELDS AROUIND DOLUE-CONES

04, 2.4431 2(f- 44? Mo, 2-8387

py M x y M

101 .800 0.671 1.086 404000 101 *700 0e587 1.384 40.000

2 o317 1.209 1.103 38,016 2 .347 0.831 1.382 38.893
2 1.904 18.196 2 2P180 18*799
2* o543 1.094 1.204 38.712 2* 0467 0.815 1.354 39*135

102 .694 1.017 1.105 39.177 102 *713 0.783 1.388 39.627
202 1.024 0.859 1.117 40.000 202 o906 0.761 1.392 40.000

53 .497 12180 1387 383352
3 1.906 17*706 1.85 1.2 37.367

5* .934 2.379 1.4 652521387 17.512

35 2.19 1.476 1.115 384067 30 17 1.10 1.400 38.554 9303 1740 17146 1.390 389825603 *890 2.951 1.115 3.8632 203 #932 1.122 1.394 49.184
303 1*367 16147 1,125 4C-000 303 1*288 1*081 1e395 40*000

4 *543 1*991 1s126 36#804 4 ,652 1&530 1*393 37*846I

4 1.909 16.219 4 2*184 17*920
204 1802 12866 1*135 3783271 104 .773 23 15394 386074
304 1.251 12662 1.133 387591 204 .964 I487 1397 38.41926404 1#733 1*454 1*131 40*000 304 1*314 1#442 1,397 39*205|

5 2 7 0 3 2 .4 8 4 1 .1 5 0 3 5 194 2 6 1 6 0 9902 1 .4 0 6 3 7* 1 1 6
•;.5 1*913 16*667 5 ,813 1*885 1*399 37&367

5* 2934 2*379 1.148 364552 5 22187 173512
305 1*134 2*288 13146 370079 5* 1934 12867 1.400 37.579n 405 1o597 2,085 ls142 38*343 205 1o002 1*857 1*401 37o699
505 21189 1837 1.7138 403000 305 1.347 2.810 1.400 38.455

405 1.698 19766 1.399 392214
6 7 863 23951 1.154 35.386 505 2.056 1*726 1.400 40.0006 41 917 1621793 0

306 1.054 2.865 1.157 357867 6 1978 2.239 1.405 36.911
406 12500 2.667 1.153 376014 6 2*190 175126506 2*069 2*424 1*147 38*517 6* 1*099 2*221 1,406 37*116|
606 29621 2,169 1.144 40.000 206 12046 25229 1.405 37*026 .

306 1.385 2.179 1.403 37.754
7 1.006 3.356 1.167 344939 406 1*731 2.132 1.402 380492
7 1.920 150380 506 29084 2.089 1.402 398243
7* 19238 3o253 1.164 356508 606 2.443 2.050 1.402 40.000

407 1.432 3.153 1.162 36.000
507 12989 23925 1.156 378389 78 1148 2o595 1.410 36.480 [607 2*524 2*703 1*152 38*761 7i 29193 i6a757

707 23999 29516 !*149 40.000 78 1*269 2 2577 .1409 36.743
307 1,430 2.552 1.408 376094

8 1.188 35850 1.174 34.443 407 .8770 2.503 1.406 37.805
8 1.925 15.319 507 2.118 28457 1.405 385309

408 1.381 3.765 1.172 34.895 607 25471 27415 1.404 398260S508 1*911 34533 1*166 36*162 707 2*931 29376 lo404 40*000
608 2*427 3*315 1*161 37*413
708 2*885 3#130 1*158 38*545 8 1,322 2*952 1*413 36*135-808 3*463 2*906 1e'.55 409000 8 2*196 16*405 •

306 1*480 2*927 1*412 36*475
9 1,*350 4*276 1*181 34*046 408 ).*815 2*876 1*409 37*160
9 1,929 14*944 508 2*158 2*828 1*408 37,859
9 110582 4*173 1*178 34*579 608 2*506 2*782 14407 38o5651
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TABLE VII

ACi NUNBER P FLOW DIRECTION IN ]HE FIELDS AROLNO DOLeLE-CONES
iI

OU 2.4431 2C?- 4(? M' 2.8387
p x P m y x y

Si509 1,864 4,049 1&175 35&225 708 2,860 2*740 1*406 39,279
S•609 2*365 3#835 1,169 36*387 808 3*220 2s702 1*406 409000

709 2*809 3*652 1,165 37*438
809 3.371 3.429 1.161 38.790 9 1.553 3.415 1.416 35.7ý2
909 -3*864 3*242 1.158 40,000 9 2,201 15*969

9* 1#673 333S6 1*415 35*962
14.0 1553 4791 1*188 33.605 409 1.880 3.362 1.414 36*376
10 16935 14.513 509 2.216 3.311 1.412 37044

4i 510 1825 4.672 1184 346203 609 2.557 3.263 1c410 37.719
610 2*308 4*463 1.179 35.270 709 2.905 3.218 1.409 38.402
710 2,737 4#283 1.* .5*234 809 3.259 3.175 1.408 39,093
810 3.279 4.063 lo. h. 37*473 909 3.725 3.o25 1.408 40.000
910 3•756 3.877 1*166 38.584
1 1010 4.355 3*554 1.163 40-00 10 1.733 3.772 1419 35&415

10 2#.205 15.649
11 1.802 5.400 1.195 33.126 10* 1.853 3.752 3.418 35c651
11 1.941 14.031 410 1.937 3.738 1.418 35.816
11* 2*034 5.298 1*192 33.613 510 2.268 3*6Gb 1.k15 36*.461

611 2*266 5.197 1.190 34.099 610 2.604 3.636 1%413 S7v113
711 2.678 5.021 1.185 34.976 710 2*947 3.588 1#412 37,174
811 3.198 4.805 1.180 36.101 810 3.296 3,543 1.411 38.442
911 3.656 4.622 1.176 37.109 910 3*755 3.489 1,410 39.321

1011 4•233 4.398 1.171 38.396 1010 4.114 3.452 1#41C 40.000
1111 4•.934 4.140 1.167 40.000

12 2.028 5,935 1*201 32*736 11 2.209 15.342

12 1i947 13.630 I1* 2.037 4.109 1.421 35.359
612 2.252 5.838 1.199 33.189 411 1.999 4.115 1.421 35.286
712 2o650 5.666 1.194 34*001 511 2.324 4.061 1e419 35.911
812 3.152 5s454 1.189 35*040 611 2*655 4.009 10417 36.541
912 3.595 5.273 1*184 35.970 711 2.993 3c959 14415 37.181

1012 4.152 5*052 1.179 37.157 811 33337 3e912 1.413 37.828
1112 4.830 4.794 1*174 38.636 911 3.790 3.855 1.412 38*679
1212 5.448 4*572 1.170 40.000 1011 4.145 3.815 1.411 39,337

1111 4.504 3.779 1&411 40.000
13 2&255 6.460 1.207 32.382
13 1.954 13.252 12 2.102 4.486 1.424 34.856
13* 2.487 6o358 1.204 32.839 12 2.213 15.044

713 2.640 6.292 1.203 33.140 12* 2.223 4.465 1.423 35.082
813 3.127 6.084 1.197 34.107 512 2.386 4.437 1.422 35.390
913 3.556 5.906 1.192 34.971 612 2.712 4.384 1.420 36.001

1013 4.095 5.688 1.187 36.072 712 3.*045 4.332 1*418 36#621
1113 4.751 5.432 1.181 37.442 812 3.383 4.283 1.416 37.247
1213 5.351 5e208 1.176 38*708 912 3.830 4.223 19414 38.072
1313 5.952 4.995 1.173 40.000 1012 4.180 4,180 1.413 38.710

1112 4*534 4.141 1.413 39.353
14 2.499 7.009 1.212 32.040 1212 4*893 4*105 1.413 4C Q00
14 1.960 12.871
14* 2.731 6*908 1.210 32*482 13 2.091 4*842 1.427 34*599

714 2.647 6.945 1-211 32.322 13 2.218 14.757
814 3.118 6.741 1.205 33.223 13* 2.411 4.821 1.426 34.822
914 3*533 6*567 1.201 34.027 513 2.452 4.814 1.425 34.897

"9Q14 4.054 6*352 1*195 35.048 613 2.773 4*759 1.423 35,490
1114 14.689 6.099 1.188 36.318 713 3.101 4.706 19421 36.090
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TABLE VII

MA1 i R.WER AD FLOW DIRECTION IN THE FIELDS AROUND DMOULE-CONES

U' 2.4431 2f-4f'- 2.8387

P x y M ? P x y M

1214 5.269 5o876 1.183 37.491 813 3.435 4.656 1.419 36.698 1
1314 5*853 5.661 1.179 38*689 913 3*875 4.593 1#417 37.497 |

1414 6*483 5.440 1.176 40.000 101V• 4o221 4.548 1.415 38.116
)113 4.570 4.506 1.415 38.741

15 2.752 7.565 1.217 31.719 1213 4.924 4.467 1#414 39.369
A15 1.967 12.499 1313 5.282 4t432 1.414 40.000
15* 2.984 7.463 1.214 32o150

815 3a126 7.402 1.213 32.413 14 2.482 5.198 1.429 34.357
915 3*528 7.230 1.208 33.164 14 2.223 1'..478

1015 4.033 7.019 1.203 34.116 14* 2*602 5.177 1.428 34.577
1115 4.646 6.769 1.196 35.296 514 2*522 5.191 1.429 34.430
1215 5.208 6.549 1.190 36*386 614 2o838 5.135 1.426 35*005
1315 5&'174 6.334 1.186 37o499 714 3.161 5.081 1.424 35.588
1415 6.386 6.111 1.181 38.718, 814 3*490 5.029 1.422 36.177
1515 7.021 54891 1178 40.0001 914 3.925 4*963 1.419 36*953

1 1014 4.265 4.916 1.418 37.554
16 3.012 8*124 1*221 31422I 1114 4,610 4.872 1.417 38.160
16 1.975 12.133j 1214 4.960 4.831 1.416 38.770
16* 3.245 8.023 1.219 31.840 1314 5.313 4.793 1.415 39.383

816 3.150 8.064 1.220 31.669 1414 5.670 4,758 1,415 40.000
916 3*539 7.896 1.215 32o373

1016 4.029 7.688 1.210 33.264 15 2.675 5.553 1.431 344130

1116 4* 6 22  7a443 1.203 34.366 15 2.227 14.207
1216 5.167 7.224 1.198 35.381 15* 2.795 5.532 1.430 34.344
131' 5.715 7.012 1.193 36.417 615 2,908 5.512 1.429 34o545
1416 6.308 6.789 1.188 37*552 715 3.226 5.456 1.427 35.111
1516 6s925 6.567 1&183 38.747 815 39550 5.402 1&424 35.683
1616 7.565 6.347 1.180 40*000 915 a.978 5*335 1*422 36*436

1015 4.315 5.287 1.420 37.020
17 3.280 8.687 1.225 31.144 1115 4.655 5.240 1.419 37.609
17 1.982 11.771 1215 5.000 5.197 1.418 38.202

917 3.566 8.563 1.222 31.645 1315 5.349 5.156 1.417 38.798
1017 4.040 8.359 1.217 32*482 1415 5*702 5.118 1.417 39*398
1117 4.616 8.117 1.210 33.515 1515 6.055 5.084 1.417 40.000
1217 5*143 70901 14205 34o465
1217 5.674 7.690 I1.99 35e 4 33 16 2.870 5.908 1.433 33.912
1417 6.250 7.469 1.194 36.491 16 2.232 13.943
1517 6.849 7.246 1.189 37.607 616 2o981 -. 888 1.432 34&108
1617 7.471 7*025 1.185 38.777 716 3.295 5e832 1.429 34*658

1717 8.112 6.807 1.182 40*000 816 3.614 5.777 1.427 35.214
916 4*037 5.708 1.424 35.946

?8 3*6!4 9&375 1*229 30*832 1016 4.368 5.657 1.422 36.514
18 1.992 11*336 1116 4.704 5*609 1*421 37.086
18" 3,847 9.273 1.227 31.228 1216 5.045 5.564 1.420 37.662

1018 4*072 9.175 1.224 31.6i1 1316 5090 5.520 1.419 38.242
1118 4.626 8.938 1.218 32.571 1416 5.738 5.480 1.418 38.826
1218 5.135 80725 1*212 33o451 1516 6.091 5.443 14418 39.412
1318 5.647 8.517 1.207 34.345 1616 6.446 5.409 1i418 40.000
1418 6.201 8.298 1.202 35*323
1518 6.779 85476 1.197 36.351 17 32053 61237 1*43533.722
1618 7079 7*854 1.192 376430 17 23237 13.703
1715 8.000 7.633 1.188 38.559 i7! 3.172 6.2i5 l.434 33.930

717 30362 6.180 19432 34.258
193.8959.942 1.292 30.595 817 3.678 6.124 1S430 34.800

____ -~.---.~~ -
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TABLE VII
""AC t4JER AI FLOW DIRECTION IN ThE FIELDS ARIM DQJ6LE-CONES

M. - 2.4431 200- 4(K M'. 2.838 7

P y M i F x y M
19 2.001 10.978 917 4.094 69053 1.427 35&514

-1019 4*114 9*846 1*229 30959 1017 46422 6.001 1.425 369067
1119 44652 91612 1.223 31086] 1117 46754 51952 1.423 364624
1219 5&146 91403 1.218 327696 1217 5 1090 5#904 1.422 375186

1210 5.673 910904 1.223 32.037 1317 5.331 65685 1.435 337351

-1419 .65182 8980 1.208 34.457 1417 53776 55817 1.419 384320
1519 61743 89760 1.203 35*422 1517 6.124 56777 1.419 343892

1617 6,476 56741 1.419 395.6620 4*165 10o478 1*234 30*386 1717 6*805 5o710 1*419 40#000

• ii20 2*010 10&638

201 44395 104375 1.231 30.768 108 3.25' 6.590 1.436 33.527
1120 40689 9 102247 1228 311248 18 2#242 136450
1220 52170 107040 1.223 32&037 18* 30.71 62568 1.435 336732
_1320 5,654 9e8a7 1218 32*835 718 35438 62555 1.435 37.847
1420 6*178 9o621 1*213 33o705 818 3.749 6.498 1.432 34.375

5918 46160 61427 1.429 35*069S•21 4*455 11o043 Io2.'5 30o184 1018 4*483 6*373 1o427 35*607
S21 •*019 10*277 1118 411810 6*322 1*425 36*150

_ !1221 5*207 10s711 1*227 310389 1218 5*142 6#273 19424 36*697
:• •1318 5*479 6&226 1o422 379247
S•1418 54820 6*182 1*421 37*801

1•518 6*164 6e140 1*420 38*358
1618 6.512 6l01 1.420 38.917
1718 69837 6.068 1.420 39.438
1818 7.192 5.035 1.420 40.000

19 3.451 6*943 1.438 33.343
19 2*247 13.200
19* 3.571 6.920 1.437 33o546

719 3.518 6.930 1,437 33*455
819 3*824 6o872 1.434 33*969
919 4@229 6.799 1.431 34.646

. 1019 4.548 6.745 1.429 35.170
1119 4.871 So693 1.427 35.698
1219 5.199 6*642 1.426 36*231
1319 5.531 6.593 1*424 36.767
1419 5*868 6.547 1*423 37*307
1519 6a208 6.503 1.422 37.849
1619 6a552 6.462 1.421 38*394
1719 6.874 6.426 1.421 38*902
1819 7.224 6.390 1.420 39*450
1919 7.577 6.358 1*421 40.000

20 36653 7.294 1.439 33.170
20 2.253 12*954
204 3.773 7.271 1.438 33.368

820 3*902 7*246 1.'37 33*583
920 4.302 7*172 1o433 34*242

1020 4.616 7.117 1.431 34.753
1120 4.935 7.063 1.429 35.268
1220 5.259 7.011 1h428 35.787
1320 5.587 6.961 1.426 36.310
1420 5*919 6.913 1.425 36.836
1520:16.256 6.867 1.424 37.365
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TABLE V II

MACH N&9WER AND FLOW DIRECTION IN THE FIELDS AROI*4D OIJOULE-CMNE

1620 6.596 £.824 1*423 37.896 1
1720 6*914 6.786 1.422 38.391
1920 7.577 6&354 1.421 39o994

21 3.856 7.644 1.440 33.004
21 2.259 12.710

821 3.984 7*620 1.439 33.214
921 4*378 7.544 1&436 33.857 11021 4.688 7.488 1.433 34.356
1121 5.003 7.433 1.431 34.858
1221 5.322 7.080 1.430 35.364

1321 5.646 7o329 1.428 35.874
1421 5.975 7.279 1.427 36.3871
1521 6.307 7.232 1.425 36.903
1621 6.643 7.186 1.424 37.422

22 4.074 8.017 1.441 3298381
22 2.265 12.453
22* 4.193 7.994 lt440 33.031

922 4.462 7.941 1.438 33.465
1022 4.768 7o884 1.435 33.9511
1122 5.078 7.828 1.433 34o441
1222 5.393 7.773 1.431 34.934
1322 5.713 7.720 1.430 35.431
1422 6.037 7.669 1.428 35.931
1522 6.365 7&620 1.427 36.434

23 4.279 8.365 1.442 32.691

23 2&27i 12.213
23* 4.399 8.341 1.441 32.883
923 4.544 E&312 1.439 33.115

1023 4.846 8.254 1&437 33.590
1123 5.152 8s197 1.435 34.068
1223 5.463 8.142 1.433 34.550
1323 5e779 8.088 1.432 35.036

24 4.485 8.711 1.442 32.553
242.278 11.974-

924 4o628 8o682 1.441 32.781
1024 .4e926 8.623 1.439 33.o245
1124 5.229 8o566 1.431 33i!13
1224 5.536 8.509 1.435 34.184

U25 4.732 9.122 1.442 32.399
25 2.286 11#688

1025 5o025 9o062 1.440 32.851
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TABLE V I I
IMCH NMER IND FLOW DI RECTlION IN THE FIElDS AROUND OMJBLE-CONES

M'*u 3.3694 28-4 M'- 4.I1538

P X y M P x y M if

j 101 *600 0,503 1.661 40.000 101 .383 0.321 1.970 40,000

2 v474 0.880 1&652 39.017 2 .267 0,422 1,962 39.584

2 2,522 18.799 2 2.964 19.425
2* ,560 0.883 1.655 39.105 2* *348 0i435 1.965 39.665

102 *688 0,887 1.660 39.236 102 .428 0.448 1.968 39.747
202 1.075 0.902 1.663 40.000 202 .559 0.469 1.969 40.000

3 .627 1,158 1.658 38.589 3 .439 0.689 1.965 39.200
3 2,524 18.457 3 2.965 19.086
3* *713 1.160 1.660 38.674 103 ,518 0.701 1.968 39.279

103 e755 1.162 1.662 38,717 203 .648 0.721 1.968 39.527
203 1.137 1.173 1.663 39.462 303 .908 0*762 1.968 40*000
303 1.41-2 1*185 1*664 40.000

4 .611 0.953 1.969 38.838
4 .783 1.436 1*663 38.183 4 2*967 18.765
4 2*526 18.131 4* .692 0.965 1.968 38.992
4* .869 1.438 1*665 38*265 204 ,739 0.972 1*968 39*082

104 a-826 1.437 l,664 38*223 304 .996 1.011 1.967 39.546
204 1.203 1.446 1.664 38.952 404 1.253 1*051 1.968 40.000
304 1.475 1*455 1.664 39*477
404 1.749 1.467 1.664 40.000 5 .786 1.219 1.968 38.570

5 2.969 18.457
5 .942 1.715 1.668 37,795 5* &867 1*230 1.968 38.723
5 2#529 17.819 205 .833 1.225 1.968 386659
"5* 1.028 1.716 !A668 37.969 305 1.087 1*261 1.967 39.o-15

205 1.272 1.720- 1.665 38.466 405 1.341 1.300 1.967 39.51-
305 1-.541 1.728 1.665 36..980 505 1.597 1.340 1.967 40.0060
405- 1.811 1.737 1.665 39.491
505 2.085 1.750 1.665 40.000 6 .962 1.483 1.967 38.321

6 2.972 18#162
6 I.103 1*993 1.669 37,519 6' 1.043 1.494 1.967 -38.463
6 2*531 17*519 306 1.180 1&513 1*967 38.706
64 1,e188 1.99-4 1668 37.691 406 1.431 1.549 1.966 39.144

206 1.344 1.996 1.667 38.005 506 1.684 1.587 1.966 39.e576
306 1.609 2*001 1.666 38.507 606 1.940 1,627 1.967 40*000
406 1.877 2*009 1*665 39*007
506 24148 2*019 1*665 39.505 7 1&140 1*147 1.967 38.079
606 2.421 2.*01 1.666 40.000 7 2.975 17.+879

7* 1.'20 1*757 1.967 38.220
7 1.265 2.271 1*670 37*259 307 Iw275 1.765 1.967 380317
7 2.534 17*231 407 1.5"3 1.798 1.966 38o7-48
7* 1.350 2.271 1.669 37&430 507 1*774 1.835 1.966 39*172

207 1.419 2*272 1*669 37.567 607 2*026 1.873 1.966 39*590
307 1.681 2*275 1.667 38.058 707 2.280 1.913 1.967 40.000
407 1.945 2*281 1.667 38*547
507 2.213 2.289 1.666 39*035 8 1.318 2.010 1.967 37.852
607 2.483 2.299 1.666 39.519 8 2.978 17*60-7
707 2*755 2*311 1.666 40*000 8* 1.398 2*020 1*966 37*993

"308 1.'372 2.017 1.967 37*947
8 1*428 2.548 1.671 37*015 408 1#61-7 2e048 1.966 38*371

2.537 16.955 508 1.865 2*082 1*965 38*788
8* 1.514 2.548 1.670 37*'185 608 2.11-5 2.118 1.965 39.199"

208 1.496 2.548 1.670 37.149 708 2.366 2.156 1.966 39.603
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TA•EL VII
MACOI NUJMER AND FLOW DIRECTION IN THE FIELDS AROXNO DOUBLE-CONES
M I 3.3694 2 ?- 44 M'-.I4-53-

P x y M P x y M

308 1.755 2s550 1#669 37*630 808 2.617 2s196 1*967 40*000
408 2.016 2.553 1.668 38o109
508 2.281 2.559 1.667 38.586 9 1.497 2.271 1.966 37.640
608 2.548 2.567 1.667 39.060 9 2.982 17.344
708 2.817 2.578 1*667 39.532 9* 1.578 2s281 1.966 37.778
808 3.087 2.590 1.667 40.000 409 10713 2.298 1s966 38:011

309 1.959 2.330 1.965 38.422
1.593 2#824 1*671 36.786 609 2.205 2.364 1.965 38*826

9 2#540 16*688 709 2.453 2.400 1.965 39c2231
9* 1.679 2.824 1.671 36.943 809 2.703 2.438 1.966 39.615 1

309 1.831 2.824 1.670 37*222 909 2.953 2.478 1.967 40.000 1
409 2.089 2*826 14669 37*691
509 2.351 2.830 1.668 33.158 10 1.677 2.532 1.966 37*438
609 2.615 2.836 1.668 38.623 10 2*985 17.090
709 2.881 2.844 1.667 39&085 10* 1.758 2.542 1.966 37.576
809 3*149 2.855 1.667 39.544 410 1.812 2.549 1.966 37.666
909 3.417 2.867 1.668 40.000 510 2.054 2.579 1.965 38.073

610 2.298 2.611 1.965 38.470
10 1.759 3.099 1.672 36.559 710 2.543 2.645 '.9C5 38*862
10 2&544 16.430 81' 2.790 2.680 1.965 3)*247
10* r845 3..099 1.672 36.714 91t 3.038 2.718 1.966 39i626

310 A.910 3.099 1.671 36.832 1010 3i287 20758 1.967 40.000
410 2.165 3.099 1.670 37.292
510 2.424 3.102 li669 37.750 11 10858 20792 1.966 37.250 £

610 2.685 3*106 1.668 38.206 11 2,989 16i843
710 2.948 3.112 1.668 38i659 li* 1.939 2*802 1965 37i387
810 3.213 3.121 1.668 39.109 411 1j911 20799 1.955 37.340
910 3.479 3.131 1.668 39.556 511 2.151 2.827 1.965 37.739

.11 3w747 3.144 1#668 40000 61i 2.392 2.857 1.964 38.130
711 2.635 2.889 1.964 38.516 1

10927 3.374 1.673 36.344 811 2.879 2*923 1.964 38.895 1
11 2t547 16.180 911 3.124 2*959 1.965 39u269
11* 2.012 3.373 1*673 36.499 1011 3.371 2*997 1.965 39.637 1

311 -1*9991 3.374 1*673 36.460 '111 3.618 3.036 1.967 40.000
4-11. 2.243 -5-373 1.671 36.911
511 ý2.499 3.37-3 1.670 37.360 12 2.040 3.C52 1.965 37.073 I

2.758 345- 1.669 37.807 12 2.994 16*603.
711 ,03.8 3• v669 38.251 12* 2.121 3.061 1.965 37.206

821 3.2.80 3..387 1.668 38.692 512 2.250 3.075 1.964 37.419
911 :.-543 3.-396 1.668 39.131 612 2.488 3.104 1.964 37.805
1011- o808 3.406 !.*668 39.567 712 2.728 3.134 1.964 38v185
1111 A4*7-5 3.419 I.--6-9 40.000 812 2.970 3.166 1.964 38.559

912 3.213 3.200 1.964 38.927
1 2.O• 3.648 1.674 3.142 1012 3.457 3.236 1.965 39.290
12 2.*-551 15.w38 1112 3.702 3*273 1.965 39*648 1
-12,* *181 3*647 1.674 36.'293' 1212 3*948 3s313 1.967 40.000

-4-1-t 32 3.*646 1.673' 36o5
72 w576 3.645 1.671 6.1987 13 2.222 3.310 1.964 36.903

-612 j 242 3.646 1.670 37.425 13 ý!*998 16.370

71214 -3.089 3.649 1.670 -*7 o6- 13* 2.303 3s319 1.964 37.035 [
812f-0-,34i 3.654 1.669 08294 513 2.350 3.324 1*E;6 4 37.113

9%2Vj/609 3.O661 1*669 -5:.724 613 2.586 30351 1.,63 37s493
-1012 -3#6W 2 5o669 1.669 39.12", 713 2*824 3.379 1.063 37.868

2. "4.1ss6- :*o80 1W6)9 39,5798 813 3.063 3.410 1,92 38.236
sr-I- _ _ _ _ _ _ I
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TABLE VII
MACH NUINER AND FLOW DIRECTION IN THE FIELDS AROUCND )OUBLE-CONES

M,* 3.36:4 28-6 44:?~f M' - 13_ P x y M p• P x y M (

1212 43401 3.693 1,669 40.000 913 *32303 35442 1.963 33.600
1013 32545 35476 1.964 381957

13 2*264 36921 1*675 35,949 1113 36787 3.511 1.965 39.310
13 2*555 15702 1213 24931 36549 1.965 39*658

113 2050 3020 1674 368099 1313 41276 36588 1.967 40*000
"413 29406 33919316674 366197382
3513 21656 30917 1,673 360629 14 23405 3.567 1.964 36*743
613 2e909 3*917 11671 371059 14 33003 164142
"713 3.63 35918 4 1.671 376687 14* 2.486 3.575 1.964 36,875

613 3*420 34921 25670 371912 514 24451 3.572 1.964 366819
913 32678 34926 1.669 38.335 614 24685 3.597 1.963 374194

1013 32038 3.933 1.669 38,755 714 2.920 36624 12963 37,564
1113 42.99 37942 16769 396173 814 3.157 38653 1.963 376927

1213 4,462 38953 1.669 39,588 914 6.759683 1963 381286
1313 43727 3*966 1.670 403000 1014 3.634 3.716 1.963 38.638

1114• 3,875 3,749 1,964 38*986

814 3.43 4.19 1.676 3547 154 4.116 3.785 1.964 36.32914 2,559 15,472 1314 4o358 3*822 1,966 39*667

14* 2*520 4*192 1.675 357915 1414 4.601 3*861 1.967 407000
4104 2*490 4.193 1*675 35*762
514 26537 4.189 16670 36.287 15 23588 3.823 1.963 367593
614 2*987 4,187 1&673 36.7049 15 33008 153918
714 34239 4*187 1.672 379129 15 23669 39831 1.963 36*722

1814 3.493 4.189 1.671 370547 615 20285 3*843 1.963 36.908
914 3*748 4*193 1*670 37*962 715 3.4018 3869 1.962 373272

1014 42006 4.198 1.670 38*374 815 3*252 3*896 1.962 379631
1114 4*265 41205 16670 38*785 915 3*488 3.925 1.96Z 37*984
1214 4*525 4.214 1.670 69o193 015 3e725 3*956 1*962 38*332
1314 4*787 4.225 1.670 39*598 115 3.963 3*988 13963 386675
1414 53051 4.238 1.671 40s000 215 4,202 43022 1*964 398014

7315 4.453 4.057 1.965 39,547
815 3.68 4.45 1.672 37.196 165 4.684 4.094 10966 396676
915 3.821 1537.60 55 47926 4.133 1.967 30.000
1154 20691 4.463 1.676 35.739
1515 23820 4.461 1.675 358958 16 23772 4.078 1.962 369448
615 34068 4*458 1.674 36.373 16 330.13 154698

1715 48317 4.457 1.672 369786 16 2*852 4.227 1.962 38.377
1815 35568 4.457 1.672 37.196 616 29887 4.090 1.962 3686.2
915 37821 4*459 1.671 370604 716 3.117 4.114 1.962 36.992

-1015 4076 4o463 19670 38*009 816 3.349 4.140 1.961 379346
1115 4.333 47468 1.670 38.412 916 35582 4.167 1.961 379694-1 215 4,591 4*475 1.670 36,813 1016 3,817 4*196 19962 38,038
1316 42850 4.485 1.670 395212 1116 .9053 4.227 1.962 38*377

5141 52111 4*496 1.671 39.607 216 44290 44259 1?963 38.1 11
1515 5 0373 4.509 1.671 3.05000 13167*.0 4.293 1.964 39*0401416 4o768 4*328 1,965 39,365

16 2,778 4*735 1,677 35*427 1516 5*007 4*365 1,966 39*685
16 2o567 156029
16* 2*863 4,734 19676 35*572 17 2*956 4*332 1#961 36*313

516 2o905 4*733 1*676 35*643 1T 3*019 15*482
S616 3s150 4*729 1*675 36*051 17 *3*036 4*340 1*961 36#441

716 3.397 4.726 1.673 36.456 617 2.990 4.335 1.961 36*367
816 3.645 4.725 1.672 36*859 717 3.218 4.358 1.961 36*722
916 3-896 4.725 1.672 37.260 817 3.447 4.383 1.961 37*072
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TABLE VII

KA"i NIMlBER AND FLOW DIRECTION IN '"HE F I ELDS AROUND DOUBLE-CONES

MW" 3.3694 2(Y- 4& M' 4.:538 I
P x y M f P x y M I

1016 4.148 4s728 1.671 37.659 917 3.678 4.408 1.961 37&416
1116 4.402 4.732 1.671 38.055 1017 3.911 4.436 1.961 37*755
1216 4.658 4.737 1.670 38.449 1117 4.145 4.465 1,961 38.090
1316 4t915 4.745 1.670 38o841 1217 4*380 4 . 4 96 1.962 38.419 I1416 5.174 4.754 1.671 39,230 1317 4.616 4.528 1.963 38.744

1516 5.'Z34 4.765 1.671 39.616
1616 5.695 4.778 1.672 40.000 18 33140 4 .585 14960 369185

18 33024 15326.18
17 2.951 5.005 1.677 35.270 18* 3.221 4.593 1.960 36.310
17 2.572 14.813 718 3.320 4.602 1.960 36.462
17* 3.036 5.003 1.677 35.414 818 3.547 4*625 1.960 36.808

517 2.992 5.004 1*677 35.340 918 3.775 4.650 1.990 37.148

617 3.234 4.999 1.675 35.741 1018 4.006 4.676 1,960 37.483
717 3.478 4.995 1.674 36.139' 1118 4.238 40704 1.960 37.813 1
817 3.724 4o993 1.673 36.536 1218 4.471 4.733 1.961 386139 i"
917 3.972 4.992 1.672 36.930

1017 4.222 4@033 1.672 37.322 19 3#324 4.837 1.959 36.061
1117 4#474 4*9.5 1.671 37.712 19 3.030 15.057 I
1217 4.727 5.000 1.671 38.099 719 3*422 4.846 1.959 36.212
1317 4.982 5.005 1.671 38.484 819 3.647 4.868 1.959 36.554
1417 5.238 5.013 1.671 38.867 919 3.874 4.891 1.959 36.890
1517 5.496 5.023 1*671 39.247 1019 4.102 4.916 1.959 37.221V 1617 5.755 5.034 1.672 39.625 1119 4.332 4.942 1.959 37*547

• 1717 6.015 5.047 1.672 40.000
S20 3.548 5.,140 1.957 35.922

18 3.124 5.274 1.677 35.122 20 3.038 14.804
18 2.577 14.602 20* 3.628 5.147 1.957 369044
18* 3o210 5.272 1.677 35.262 820 3.770 5.160 1.957 36.258

618 3.320 5.269 1.676 35&443 920 13*994 5*182 1.957 35.590718 3.561 5.264 1.675 35.835 1020j 4.219 5.205 1.958 36.916

818 3s805 5.260 1.674 36.225
918 4.050 5.258 1.673 36.613 21 3*732 50389 1.956 35.812

1018 4.29S 5.258 1.672 36.998 21 3.044 14.595
"1118 4.547 5.259 1.672 37*382
1218 4.798 5.262 1.671 37.763
1318 5.051 5.266 1.671 38.142 1
1418 5.305 5.272 1.671 38*519
1513 5s560 5.280 1.671 38.893
1618 5.817 5.290 1.672 39.264
1718 6.075 5.301 1*672 39%,534
1818 6&333 5.314 1.673 404000

19 3.298 5.541 1.678 34.978
19 2.581 14.393-

619 3.407 5.538 1.677 35.156
719 3o646 5.532 1.676 35.542
819 3.887 5.528 1.675 35*926
919 4.130 5.525 1.674 36.307

1019 4.375 5.523 1.673 36.687
1119 4.622 5.523 1.672 37.064
1219 4.871 5.524 196 7 2 37.439
1319 5.121 5.527 1.672 37.812
1419 5.373 5*532 1#671 38.183
1519 5.626 5.538 1.671 38.351

S_____ _____________________________I
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TABLE VII

KAQI M JAi NM AND FLOW DIRECTION IN THE FIELDS AROUND DOUBLE-CONES

M, "3.3694 26-4& M'- 4-1538

SP X y MP X y M

1619 54681 5.546 1.672 38.917

"1819 j6.333 5.313 1.673 39.997

20- ji .520 5.880 1.675 34.807
20 2.588 14.133

j ! 20* 3.605 5,877 1.677 34.944

720 3.755 5.873 1.677 35.185

S820 3.993 5.867 1.675 S5*561
920 4o233 5.862 1.674 35#936

1020 4.475 5.859 1.674 36.307

1120 4.719 5.857 1.673 36.677

1220 4.965 5.857 1.672 37.045

1320 5.213 5.859 1.672 37.411
1420 5.462 5.862 1.672 37.775

1520 50712 5.866 1.672 38.136

21 3.695 6.145 1,678 34.67821 2*593 13*930

21* 3.780 6.142 1.677 34.815

721 3.843 6.140 1m677 34.916
821 4•.079 6.13 1.676 355287
8 21 4.316 6.128 1.675 35.655

1021 4.556 6.12L. 1.674 36.021

1121 4.798 6.121 1.673 36.386

1221 5.041 6.120 1.673 36.748
1321 5.287 6.120 1.672 37.108
1421 5.534 6.121 1.672 37.466

22 3.870 6.410 1.678 34.557
S22 2.598 13.728

22* 3.956 6.407 1.677 34.693

722 3.933 6.407 1.677 34.656

822 4.166 6.400 1.676 35.021

922 4&401 6.393 1.675 35.384

1122 .878 6.384 1.674 36.104

1222 5.119 6.381 1.673 36.461

1322 5.362 6.380 1.673 36.816

23 4.046 6.673 1.678 34.441

23 2.603 13.528

23* 4.131 6.670 1.677 34.574
823 4.254 6.665 1.676 34*765

923 4.487 6.658 1.675 35.123

1023 4.722 6.651 1.675 35.479

1123 4.959 6.646 1.674 35.833

24 4.222 6.935 1.677 34.329

"24 2.609 13.329
24* 4.307 6.932 1.677 34.462

824 4.343 6.930 1.677 34.517

"924 4.574 6.922 1.676 34.870

1024 4.807 6.915 1.675 35.221

"25 4.398 7.196 1.677 34.22-3
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TABLE V II

MAOi NJ48ER AMJ FLOW DIRECTION IN ThE FIELDS AROLHD DOU6LE4COESf
M'oa 3.3694 2C-dM'- 4.1538

M P y M Jrp xm (
(25 26615 13.130

925 4.662 7.185 1.675 34.626

I Ift



SC 0 N V A l R oRo.,.+.t

A 0?-- _~tk _ *MICl CORPORATION A I 0p M YS kCIL
4MMO. His. DAINGER|IELD. TEXAS LASOBATOEY r

TABLE VII
KA40i N&IER AID FLOW DIRECTION IN 7W1 FIELDS .AMMINO WDULE-aJNES

101 .900 0.630 1.059 S5.000 101 .600 0.420 1H313 35*000 4.

2 &277 1.677 1.079 31.895 2 .311 00950 1.310 33.515
S2 1.469 22.077 2 1.669 23.383

2* .566 1•467 1.079'32#749 2* #443 04912 1.313 33.745
102 .689 1.377 1.080 33.115 102 &641 0.854 1.317 34.089 A
202 1.331 0.932 1.087 35.000 202 1.057 0.740 1.320 35.000

3 *404 2*327 1.093 30&855 3 .516 1.534 1,318 32*530
3 1.473 21.159 3 1.672 22*525
3* .695 2.121 1.093 31.623 3* .647 1.495 1.321 32*744

S103 .521 2.244 1.093 31.164 103 .712 1.475 1.322 32.849S j 203 1*147 1.806 1.097 32*794 203 1.119 1.356 1.323 33*694
1 303 1.891 1.324 1.094 35.000 303 1.705 1.194 1.323 35*000

t 4 9567 34054 1.108 29.813 4 .737 2.130 1.327 31.630
4 1•479 20.243 4 1.675 21.738
4* .861 2.851 1.109 30.485 4* .868 2.089-1.329 31.829

204 1.006 2*750 1&110 30.817 104 .801 2.110 1.328 31.727
304 1.703 2s290 1.105 32*672 204 1.199 1.987 1.328 32.512
404 2*528 1.770 1.101 35*000 304 1.770 1.819 1.326 330726

404 2.366 1.657 1.325 35.000
5 .775 3.864 1.124 28.769
5 1.486 19.338 5 .975 2.736 1.335 30.804S i5* 1,071 3,664 1,126 29,367 5 1,680 21,012

205 .915 3*769 1.125 29*053 5* 1.106 2*694 1.335 31.062
305 1.565 3&336 1.118 30*606 205 1.297 2*633 1.334 31.438
"405 2.334 2.840 1.112 32*548 305 1.852 2.462 1.330 32s567

505 3e251 2*277 1.107 35*000 405 2*433 2*293 1.328 33*754
505 3.041 2.129 1.328 35*000

6 1.032 4.756 1.141 27.761
6 1.494 18*455 6 1.226 3*349 1*341 30.117
6* 1.330 4.560 1.136 28*439 6 1*685 20*342

306 1.486 4.456 1.134 28.795 6* 1.356 3.306 1.340 30.364
S406 2.200 3.991. 1.126 30.411 206 1.412 3*288 1.340 30.469
1 506 3.051 3*453 1.118 32.442 306 1.952 3.114 1.336 31.520

606 4.063 2.845 1.112 35.000 406 2.517 2.942 1.332 32.626
506 3.110 2*772 1.330 33*790

7 1.328 5.701 1*152 26*957 606 3.725 2*608 1.330 35*000
7 1.503 17.621
7* 1.626 5*505 1.147 27.586 7 1.489 3.966 1.347 29.491

307 1.472 5e606 1.149 27.261 7 1.691 19.722
407 2*136 5.171 1.141 28*623 7* 19620 3o923 1.346 290728
507 2.926 4.665 1.132 300319 207 1.543 3.948 1.347 29.589•"607 3,866 4,083 1, i23 32o444 307 2#068 30774 19342 30*571
707 4.934 3.455 1.118 35*000 407 2.618 3*600 1*338 31.604

507 3.196 3.425 1.334 32*691
8 1*661 6.688 1.162 26*224 607 3*795 3*255 1.333 33*824
8 1.513 16.839 707 4.415 3o091 1.3!2 35*000
"8* 1.960 6.493 1.158 26*780

1 408 2.139 6.376 1.156 27*112 8 1.765 4o588 1.353 28.918
508 2.874 5*903 1*146 28*548 8 1*697 19.146
608 3*747 5*353 1.136 30*328 8* 1.895 4o544 1.352 29.154
708 4.741 4.749 1.128 32.461 308 2.201 4.441 1.348 29.709

L-

_____
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W • MA4 N0 FLOIW 01RECTION IN CW FI ELS ARON DUBLE-CES

M-203525?- 3? -2i.3604,

p 00- E
808 5#8~60 4.103 1.122 Z5.000 408 2.736 4.265 1.343 30.6761

1508 3.298 4.089 1.339 31.6~ -

9 2.036 7.720 1.174 25.523 608 3.883 3.914 1.336 32.754
9 1.523 16.102 708 4.488 3.744 1.334 33,856
9* 2*335 7*526 1.170 26.039 808 5.113 3.580 1.334 35.000

409 2.204 1.61i 1.171 2D.812 tz
509 2.890 7.169 1.161 27.043 9 2.051 5.214 1.359 28.401-
609 3*703 6o653 1.151 28.554 9 1.703 16o608 -

709 4.627 6.080 1.141 30.347 9* 2.181 5.169 1.357 28.630|
809 5.669 5.456 1*132 32.473 309 2.348 5.112 1.355 28.924
909 6.842 4.791 1.126 35.000 409 2.869 4.936 1.350 29.831

- 09 3.416 4.759 1.345 30.785 -
10 2.451 8.793 1.185 24.881 609 3.986 4.532 1.341 31.780 I
10 1.534 15.403 709 4.576 4.407 1.338 32.815 A
10* 2.751 8.600 1.130 25.386 809 5&187 4.237 1*336 33.889

510 2o969 8.460 1.176 25.753 909 5.818 4.073 1.336 35.000
610 3.728 7.977 1.165 27.353
710 4.589 7.438 1.154 28.578 10 2;348 5.842 1.364 27.928
810 5.559 6n845 1.144 30.371 10 1.709 18.104!
"910 6.653 6t199 1.135 32*496 310 2.510 5*785 1.362 28.206

1010 7.876 5.515 1,129 35.000 410 3.017 5.610 1.356 29.059 i
510 3.549 5*433 1.351 29.957

11 2.902 9c899 1.194 24.318 610 4.104 5.254 1.346 30.891-
11 1.546 14.740 710 4.680 5,077 1.342 31.864
A11* 3c203 9*707 1.189 24.795 810 5.277 4*903 1.339 32.875

511 3.107 9.768 1.191 24*642 910 5.893 4.733 1.338 33.921 I
611- 3a618 9*316 1.180 25*775 1010 6*526 4*570 1.337 35.000

= 711 4*622 8.810 1.169 27.092
811 5e527 8.250 1.157 28.624 11 2.726 6.615 1.371 27.400
911 6.547 7.634 1.147 30.424 11 1.717 17.527

1011 7.689 6.967 1.138 32.540 11* 2.856 6.570 1.369 27.611
1111 8.952 6.268 1.132 35.000 411 3.215 6.443 1.364 28.196

511 3.731 6.266 1.358 29.030
12 3.389 114031 1.203 23.810 611 4.268 6.087 1*353 29.899-
12 1*558 14.108 711 4.826 5.908 1.348 30.803
12* 3.690 10.839 1.198 24.262 811 5.405 5.730 1.344 31.742

612 3.966 10*664 1.194 24.676 911 6.004 5.555 1.341 32.714
712 4#720 10.188 1*182 25*828 1011 6:620 a 1*340 33*719

812 5.567 9.661 1.171 27*156 1111 7.400 5.182 1.338 35.000
912 6.519 9.077 1*159 28.7011012 7a585 8*439 1.149 30*503 12 3.043 7.246 1.376 27.005

1212 .064 7.047 1.134 35.000 12* 3.172 7.200 1.374 27.210

412 3.393 7.121 1.371 27.56013 3.906 12.183 1.211 23.350 512 3.895 6.946 1.364 28.34913 1.571 13.501 612 4.418 6.768 1.359 29.170
613 4.166 12*018 1*207 23.722 712 4.962 6.589 1.353 30.024
713 4.876 11*571 1.196 24.744 812 5.527 6*409 1.349 30.910
813 5.670 11.074 1.184 25.910 912 6.112 6e231 1.345 31.828
913 6*562 10.523 1*172 27*255 1012 6.715 6.056 1.343 32.777

1013 7o559 9.917 1.161 28.808 1112 7.478 5.847 1.340 33.988
1213 .069 7.005 1.133 34.910 1212 8.117 5.684 1.340 35.000

14 14.383 13.205 1.218 22.986 1 1 1393368 7.877 1.381 26.641

V I -____ ____L - fN
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HA~i t& W ANDFLOW DIRECTION4 VRTq5ED FA OIL-O

-~~~2 M'2.66 ____2.3504___

14 li,582 12*90 13 1*731 16*665
T14 5,056 124780 1206 23Pd14 13* 3.497 7.831 1.379 26.841

-~45.810 -12,508 1.195 2*5 #0
--- :t513 4*071 7#626 1*371 27#722• J
•::•613 4o581 7*449 1#365 28*500!
-•- °{713 5- l 7*271 10359 296308!

813 5*663 7.091 1#354 30.146

913 68234 6*911 1*350 31.014
1013 6*823 60733 1346 310912

" - I 1113 7.569 6.519 1.343 33.057
1213 8.196 6.350 1.341 34.0161313 8.837 6o188 1*341 35.000

14 3.700 8.508 1.385 26*306
14 1.738 16.265
14* 3.829 8.461 1.383 26*502

414 3*783 8o478 1*384 266432
514 4o259 3*306 1.377 27&144
614 4.756 8.131 1.371 27*882
714 5.273 7.953 1.365 28.649
814 5.811 7.773 1.359 29.443
914 6.369 71593 1.354 306266
1014 6.944 7.413 1.350 31.117
1114 7.674 7.195 1.346 32*202
1214 8.288 7.022 1.344 33o111
1314 8.916 6.853 1*342 34.045
1414 9&55? 6.692 1.342 35*000

15 4.038 9.138 1.3)0 259997
15 1.745 15.882
15* 4.167 9.091 1.388 26.185

515 4*457 8.985 1.383 26.609
615 4.941 8.812 1,376 27.312
715 5.446 8.635 1*370 28*041
815 5:971 8:456 1:364 28.796
915 6*516 8*276 111359 29*577 i

1015 7&078 8#095 1:355 302385
1115 7*791 7*875 1.350 31.415

1215 8092 7.698 1.347 32.278
1415 9.556 6*682 1.342 34.982

16 4*383 9.766 1.394 25.708
16 1.752 15.514
16* 4a512 9.718 1.392 25*893

516 4.665 9.662 1.389 26.*14
616 5*138 9.491 1.382 26.784 £
716 5.629 9.316 1.376 27.479
816 6.142 9.138 1.370 28.199
916 6.674 8.958 10364 28.*42

1016 7*223 8.778 1.359 29.710
"1116 79921 8*556 1*354 30.689

17 4.733 1Ot392 10398 25.442
'- 17 1.759 15.160

__ _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ __ _ _ _I'



!i C 0N ~ N V A IR S
A ItOOHY$IC$ A DIVISION OF Gr•N AAL D.'rNAMICS CORPORATION .AUE ,

tAlORATORY 'i#~, TEXAS U~

TABLE Vii
MACi IU4ER AND FLOW DIRECTION IN THE FIELDS AROUND DOUBLE-0-NS

M 1, x 2.0665 29f- 3?' M,'o 2.3604

-- 6 517 4.882 10.336 1.395 25.653

617 5.343 10.168 1.388 26.295
717 5.823 9.995 1,382 26.959
817 6.323 9.819 1.375 279645-
917 6o843 9*640 1.369 28.354

1017 7.380 9.459 1.364 .9.086

1 8 -5-,141 1-t'*107 1*402 25.t1rol

18 1.767 14.768
18* 5,270 11.059 1.400 25.337

618 5.589 10.941 1.395 25.773
718 6.055 10.771 1.388 26.404
818 6.542 10.597 1.&381 27z057
918 7.048 10*419 1.375 27.730

19 5.501 11.726 1.406 24.934
19 1.775 14.438

719 6.267 11.441 1.393 25.957

f

L- L

I I
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TABLE Vt II
NACi NUM AND FLOW4 D IRECT ION I N THE F IELDS AROLIND WJL-CMNES

Mo, 2.7296 2?-3? M= x3.2188
P1y M P x y M

101 .600 0.420 1.547 35t000 101 o600 0.420 1.803 35*000

2 .419 0.908 1.541 33*791 2 @396 0,695 1.795 34.199
2 19903 23*562 2 2.180 23*951
2* .539 0.894 1,544 33.926 2* 9499 0.696 1#798 34.299

102 a719 0.873 1.549 34.130 202 .708 0.697 1*803 34*500
202 1.177 0.824 1,550 35.000 202 1.001 0.701 1.803 35s000

3 .715 1.522 1.548 32.835 3 .719 1.241 1.800 33.402
2 3 1.906 22.723 3 2*182 23.221

3* *835 1.506 1.551 32.961 3* *822 1.241 1.802 33o496
103 .894 1.499 1.552 33.023 103 *926 1.240 1.805 33.591
203 1.341 1.443 1.552 33*840 203 1.212 1.240 1.804 34.067
303 1.963 1.375 1.551 35.000 303 1.777 1.244 1.803 35*000

i4 1.028 2.142 1.556 31.971 4 1.053 1.790 1.806 32*680
4 1.910 21.961 4. 2.186 22.556
4* 1.148 2.e25 1*558 32.089 104 1.156 1.789 1.808 32.769S104 1,087 2,134 1*557 32*029 20. 1*435 1,785 1*806 33*224

204 1,522 2*073 1*555 32*797 304 1*986 10781 1,804 34#114i
304 2.128 1.996 1.552 33.889 404 2.549 1.785 1*803 35.000
404 2.754 1.928 1.552 35*000

5 1.398 2.342 1.812 32.020
5 16357 2.768 1.564 31.186 5 2.191 21.9465 1.916 21.265 5• 1501 2.339 1.811 32.185
5* 1.477 2.750 1.563 31.406 205 1.670 2.335 1.810 32,455

205 1#720 2.714 1.560 31.854 305 2.203 2.325 1.806 33.307
305 2.310 2.631 1.556 32.883 405 2.759 2.321 1.804 34.155

j 405 2.920 2.554 1.553 33.932 505 3.322 2.326 1.803 35.000
505 3.551 2*487 1.553 35*000

6 1.750 2.891 1.815 31.499
6 1.69 3*395 1.568 30.580 6 2.196 21e385
6 1.921 20.627 6* 1.853 2.888 1.814 31.660
6* 1.816 3.376 1.567 30.795 206 1.915 2.885 1.813 31.758S •306 2*440 2*870 1,809 329575

206 1.932 3*357 1565 31.005
306 2.507 3.269 1.560 31.978 406 2.978 2.861 1.805 33.388| f 406 3.102 3.187 1.556 32.970 50 3*530 2.858 1.803 34*198
506 3.717 3.111 1.554 33*.80 606 4.089 2.863 1.803 35.000
506 4#348 3.044 1.554 35OCO 7 2.108 3.438 1.318 31.027

7 2.045 4.021 1#573 30c037 7 2.202 20*866
7 1.927 20.041 74 2.211 3e'34 1.817 31.186

207 2.158 4.002 1.571 30.236 207 2.169 3.436 1.818 31.122
307 2.717 3.910 1.565 31*159 307 2.682 3*415 1n812 31.906
407 3*297 3*823 1.560 32*099 407 3.207 3*401 1.808 32.687
507 3e898 3*741 1.557 33.057 507 3.747 3*392 1.805 33*466
607 4.514 3.667 1.555 34.024 607 4.295 3.391 1.803 34*236
707 5.142 3o601 1.554 35.000 707 4*850 .3.396 1.803 35.000

8 2*384 4,616 1.577 29*569 8 2*472 3.983 1.822 30*600
a8 1.934 19.523 8 2*208 20*383
86 2.503 4*595 1.573 29.762 8 2.574 3.978 1.720 306755

300 2o929 4.521 1.570 B0.448 308 2.931 3*961 1.816 31.294
408 3.495 4.431 1.565 31.343 408 3.445 3.942 1.811 32.045
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MAiNH N LWDRCINI H FIELDS AROUND) DOUBLE-CONESM1 2.7296 21 o s3.2169
P x y M (f P x y M (Ef :

S508 4s08i 4*344 1*560 32#256 508 3#973 3-9-28- 8=07 32,794

608 4o684 4*264 1.557 33.178 608 4.510 3.921 1*805 33.536
__ 708 5*300 4.191 1.556 34.108 708 5.055 3.920 1*803 34*271

808 5*89, 4.129 1,555 354000 808 5.606 3.926 1.803 35.000

9 2#748 5.238 1.581 29.712 9 2.840 4.524 1.825 30.210
9 1.940 19.016 9 2.214 19-930
9* 2.867 5.217 1.580 29.300 9* 2.943 4.519 1.824 30.364

309 3.163 5.164 1.576 29.767 309 3,189 4.506 1.820 30.730
409 3.714 5o071 lo569 30*620 409 3a691 4.483 1.815 31.455
509 46287 4:980 1:564 31:488 509 4e208 4:465 1.810 32.177

609 4*876 4#895 1*561 32066 609 4*734 4.453 1*807 324892
709 5.478 4.816 1.558 33*252 709 5*268 4.446 1.805 33.601
809 6.062 4.748 1.556 34.102 809 5.809 4.446 1.803 340304
909 6.688 4.683 1.556 35*000 909 6.358 4.452 1&803 35*000

10 36119 5.859 1.585 28*696 10 3.212 5.062 1.828 29.855 1
10 1.947 18.542 10 2.221 19.505
10* 3.238 5.837 1.584 28.881 10 3.315 5.056 1.827 30.007

310 3.407 5.806 1.581 29*143 310 3.453 5.048 1.825 30.210
410 3.944 5.710 1.575 29.957 410 3.944 5.022 1.819 30.909510 4.504 51617 1.569 300786 510 4.450 5.001 1.814 31.607S•610 5*079 5*528 1*564 31*623 610- 4*965 4098 1*810 32*297710 5.668 5.444 1.561 32.468 710 5.489 4.973 1.807 32.982 1
810 6.240 5,370 1*558 33.280 810 6.020 4.967 1.805 33.661
910 6.853 5.299 1.557 34*137 910 6.559 4.907 1.603 34,333o

1010 7.477 5*235 1.557 35.000 1010 7.102 4.973 i.803 35.000 1
11 3.496 6.477 1.5qO 28.318 11 3.588 5.597 1.831 29*531
11 1,954 18.096 11 2.228 19.102
11* 3e615 6.454 1.588 28*500 311 3.723 5.588 1.829 29.728

311 3.660 6.446 1.587 28.570 411 4.203 5.560 1&823 30.405
411 4s185 6.349 1.580 29*348 511 4.698 5.535 1 17 31.080
511 4.731 6.253 1.574 30.141 611 5.203 5.514 1.813 31.747
611 5*293 6.161 1.569 30.941 711 5.716 5.499 1.809 32.409
711 5.868 6*073 1,564 31.749 11 6.238 5.488 1.806 33.065
811 6o429 5.995 1.561 32.525 911 6.767 5.483 1.804 33.716
911 7.030 5.918 1.559 33.345 1011 7.302 5.484 1.803 34.361

1011 7.641 5.847 1.558 34.170 1111 7.841 5.490 1.803 354000
1111 8.261 5.785 1.557 35.000

"12 4.076 6.279 1.835 29.156
12 3.878 7.091 1.594 27.974 12 2.237 18.614
12 1.962 17.674 12* 4.179 6o272 1.833 29.299
"12* 30997 7.068 1.592 26.153 412 4.543 6.247 1.828 29.806

312 3.923 7s083 1.593 28.041 512 5.024 6.219 1.822 30.454
412 4.434 E.985 1.585 28.788 612 5.516 6.194 1.817 31.095
512 4.967 6.888 1.579 29*548 712 6,017 6.174 1.812 31.730
612 5o516 6.793 1.573 30.314 812 6.527 6.159 1.809 32&360
712 6.079 6.703 1.568 31.088 912 7.044 6.148 1.807 32.984 1
812 6,627 6.620 19564 31.830 1112 7.839 5.484 1.803 34.990 1
912 7.216 6.539 1,561 32.616 1

1012 7.816 6*463 1.559 33*407 13 4*458 6.803 1.838 28.887TS1112 8*425 6*393 1#558 34o202 it 2#244 18*254

..13 425 7.702 1.597 6 13* 4.560 6.796 1.836 29.029

13772157I,.Ati_
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K40 N MACHAND FLOW DIRECTION IN THE FIEL.DSAROUJND DOUBLE-CONES,

M _2.2_ 2!? 3? M. 3 1

i13 1*969 17*272 413 4*814 6*7 -8 19832 29*380
13* 49384 7*679 1o595 27*830 513 5*285 6*747 1*826 30*008413 4.691 7&618 1.591 28o271 613 5.767 6,720 1.820 30*630

- [513 5*211 7*520 1*584 29*001 713 6*259 6z697 1*815 31#246S613 5-748 7o4Z 1*578 29-*736

713 6*299 7*331 1#572 30e478 14 4*840 7*324 1e840 28*640
813 6*836 7*246 1*568 31*191 14 2#252 17*908

"•:414 5*089 7*305 1*836 28o981 t

S••14 4*656 8*309 1*601 27*-367 514 5#550 7*273 1*830 29*592
S |14 1*977 16*889 614 6*023 7*243 1#824 30o196
.|14* 4*774 8*285 1*599 27,535

414 4*956 8o249 1#596 276792 15 5*224 7*839 1*843 28*413
-51& 5*464 8*150 1*589 28,494- 15 2*259 17*57i:

614 5*988 8*053 1o582 29e202 515 5#818 7*793 1*833 299202
S•714 69527 7*958 1*577 29*915
S$14 7#053 7#870 1*572 30*600

S15 5*050 8o911 1#604 27*098

S15 1*984 16*520S15" 5*168 8*887 lob02 27o265

415 5*227 8t875 1#601 27&347
S515 5*723 89776 1#594 28*024I615 6236 8*678 1*587 28_706

- 715 6*763 8*581 1*581 29*393

S• •16 5*446 9*508 1#608 26*853
S •16 1*992 16*1662516- 5988 93397 1*599 273586

17ar ___________

M,279 _______ ___________ I
1319943 .1 .|1822.8

13 .84 7691.9-7.3 1 525 6.4 .263.0



ORDNANCE %J Q N vU P% r

A 120V 4y S IC S A OEVIS#O,4 OF GENERAL OYr4AM#C3 r-ORPORATION PAGE 65-
LASORATORT DAtuCCERFICLO. TEXAS MEO.Ca O

DISTRIBUTION

Initial distribuition of this document has been made in-accordance ,ith
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